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Committees of Council 

The following Committees were appointed by the Council in 1928: 

Grading Committee.—Major P. Bishop, Mr. R. A. Bruce, Mr. R. S. Capon, 
Wing Commander T. R. Cave-Browne-Cave, Mr. A. E. L. Chorlton, 
Mr. F. T. Hill, Captain A. G. Lamplugh, Major A. R. Low, Mr. R. K. 
Pierson, Mr. W. P. Savage, Mr. R. V. Southwell, and Dr. H. C. Watts. 

Finance Committee.—Mr. J. E. Hodgson, Major D. H. Kennedy, Mr. A. 
N. D. Smith, Mr. H. T. Tizard, and Mr. L. A. Wingfield. 

Informal Discussions Committee.—Mr. M. Bramson, Major J. S. 
Buchanan, Mr. FF. A. Foord, and Major R. H. Mayo. 
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Mr. Griflith Brewer, Major J. 


Buchanan, 


Mr. Manning, and Mr. L. A. Wingfield. 
Joint Standing Committee with the Society of British Aircraft Constructors 
and the Royal Aero Club.—Mr. Gritlith Brewer, Colonel the Master ot! 


Sempill, and Air Vice-Marshal Sir Vvell) Vyvyan. 


REPRESENTATIVES ON OTHER BODIES 


British Engineering Standards Association Aircraft; Committee.—-Major 
H. Mayo, and Dr. H. C. Watts. 
Central Library for Students.—Mr. J. E. Hodgson (Hon, Librarian). 
Students’ Section.—-Hon Secretary, Mr. H. Winny. 
Issociation of Special Libraries and Information Bureau.—Mlr. J. 


(Hon. Librarian). 


Hodgson 


Membership 

The membership of the Society continues to show a. satisfactory increas 
The new Rules, which came into force on January ist, 1928, have worked, ot 
the whole, very smoothly, although their practical application during the twelv¢ 
months has shown that it may be necessary to modity them slightly. The object 
of the new rules was to. stiffen Very considerably the conditions for technical 
membership of the Society in order that such technical membership should hx 
universally recognised as a very definite and real qualification. 


In the following table is shown the figures of membership as on January 


ist, 1929. The figures in brackets refer to the corresponding figures on Decem- 


bet 31st, 7. 


\ I 

Fellows G5 (SS) 10 (1G) 2 (107 
Members 57. «(73) (+4) 60° (77 
\ssociate Fellows 330 (318) 5 8) 14 (5) 349 (331 
\ssociate) Members (125) (q) ro7 (124 
. 
Associates (111) 2 (3) 12 (3) 401s 
Companions (124 14 (10) (3) 145 (145 
Founder Members to (45) 2 (4s 
Students tor (10G) 11 (2) 
Pemporary Hon. Members . 22 22) {32 
(QOS) (Si) 07 (13) 1O75 10G2) 

Less Joint Members 28 (54 Bo: (ss 
()2 (SI O07 (1038 

Branches 

Coventry 225 {162} 
Halton 2000 (1500 2000 (1 501 
\Ianchestes 28 | 2s | 

2§ 21 

Yeovi (7320 (13 
\ustra 22: (a5 2 

Leeds 2S { 

22 
Oxtord \ 

3 
3451 (284 (S3) OF (13) 3579 (204 


Amalgamation with the Instiiuition of Acronautical Engineers 


\Ithough the amalgamation between the Roval Aeronautical Society and the 


Institution of Acronautical Engineers came into actual being on October rst 
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1927, its effect was not felt until the beginning of 1928. The Council have now 
had the opportunity of watching the working of the amalgamated body during 
a full period of twelve months and they wish to place on record their great 
gratification with the way in which everyone concerned has worked to make the 
amalgamation the success it is. The Council felt that when the agreement was 
reached in 1927 between the two bodies one of the greatest steps forward in the 
Society's history was taken, and the progress of the last twelve months has more 
than justified the hopes which were expressed at the time. 


£10,000 Endowment Fund 

The Council have been very disappointed by the lack of progress shown by 
the Endowment Fund. The Finance Committee have under consideration a 
scheme for trying to augment the Fund during 1929. The Council feel that the 
importance of making the Fund a really substantial one cannot be exaggerated 
in view of its objects. These are to provide a permanent building as the Society's 
headquarters and the provision of an income tor its upkeep. ‘Phe Council hope 
that all members will bear the Fund constantly in mind. 


The Fund now stands at £1,047 18s. 


Guggenheim Fund for the Promotion of Aeronautics 

The Daniel Guggenheim Fund for the Promotion of Aeronautics made, tor 
the vear *927, a grant of $5,000 to the Society. This grant gave a very great 
impetus to the work of the Society, and enabled the Council to carry out schemes 
to extend the scope and influence of the Sox iety. In 1928 a second grant of the” 
same amount was made, and in January, 1929, a third grant of $5,000 was 
received, 

The Council wish to repeat and place on permanent record what they have 
already written to the TPrustees of the Fund, their grateful thanks for these 
extremely generous grants. Such grants serve to emphasise the broad outlook 
of the Trustees of the Fund and the world-wide vision which they have in thei 
administration of the Fund at their disposal. 


Donations 
For the fourth vear in succession the Council record with great pleasure a 
grant of £250 to the Society by the Society of British Aircraft Constructors. A 


similar sum has also, for 


he fourth successive vear, been granted to the Society 


by the \ir Ministry. It is entirely owing to these grants that the Council have 


been enabled to enlarge very greatly the activities of the Society, and to push 
forward their policies for increasing the membership and disseminating technical 


information. 


Library 

For the fifth vear in succession the Council have to thank Mr. J. E. Hodgson 
for the time he has given to the Library, and for acting in connection therewith 
as the Society's representative at the Council Meetings of the Central Library 
for Students and A.S.L.I.B. 

During the vear a number of cinematograph films and lantern slides were 
presented to the Library, and the Council wish to express their thanks to. the 
following tor their generous gifts: 

Messrs. Short Bros., Ltd.—Films and Slides. 

Messrs. Vickers, Ltd. 


Gloster Aircraft) Company—Slides. 

The Bristol Aeroplane Co.,, Ltd.—Shides. 
D. Napier & Son, Ltd.—Slides. 

Rolls Rovce, Ltd.—Slides. 
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Awards 

Socrety’s Gotp Mrpant.—The Gold Medal of the Society is the highest 
honour which the Society can confer. It has been awarded to the Brothers 
Wright, Mr. O. Chanute, Professor Bryan, Mr. E. TT. Busk, Professor 
Lanchester and Professor L. Prandtl, No award was made during 1928. 

1. THe Taytor Gotp MrpaL is awarded annually, at the discretion of the 
Council, for the most valuable paper submitted or read during the previous 
session. 


The Taylor Gold Medal was awarded by the Council to Mr. R. K. Pierson, 


B.Sc., Assoc.M.Inst.C.E., F.R.Ae.S., for his paper on ‘‘ The Use of the Wind 
Tunnel for Performance Prediction.’ The paper was published in the Journal 
for February, 1928. 

2. THE Stmums GoLp MEDAL is awarded annually for the best paper read in 
any year before the Society on any science allied to aeronautics, ¢.g., meteorology, 
wireless telegraphy, instruments. 

The Simms Gold Medal was awarded by the Council to Captain F. Entwistle 
for his paper on ** Fog.’? The paper was published in the Journal for May, 1928. 

3. Tne Sik WAKEFIELD MEDAL is awarded annually to the 
designer of any invention or apparatus tending towards safety in flying, and is 
open to members or non-members. 

The Sir Charles Wakefield Gold Medal was awarded by the Council to Mr. 
F. Handley Page, C.B.E., k.R.Ae.S., for his work in connection with the 
Automatic Slot. 

4. Tue Sociery’s SInver MepDAL is awarded, at the discretion of the Council, 
for some advance in aeronautical design. 

The Silver Medal of the Society was awarded by the Council to Mr. B. N. 
Wallis for his work in connection with R.100. 

5. THe R.38 MrMortiaL PRIZE is offered annually for the best paper received 
by the Society on some subject of a technical nature in the science of aeronautics, 
preference being given to papers which relate to airships. The prize is twenty 
five guineas. 

The R.38 Memorial Prize for 1928 was awarded to Mr. H. Roxbee Cox, 
for his paper on ‘* The External Forces on an Airship Structure with Special 
Reference to the Requirements of Rigid Airship Design.’? The paper will be 
published in an early issue of the Journal. 

6. Tuk Epwarp Busk MrMorIAL PRIZE is offered annually for the best paper 
received by the Society on some subject of a technical nature in connection with 
aeroplanes (including seaplanes). Its value is twenty guineas, 

The Edward Busk Memorial Prize was awarded by the Council to Mr. A 
Kage for his paper on ‘* Some Recent [Experiments on Fluid Motion.’? The 
paper was published in the Journal for April, 1928. 

7. THe Prizk is awarded annually for the best essay 
submitted by an apprentice at Halton on a subject chosen by the Council whick 
has reference to the work of the air mechanic. 

The Elliott Memorial Prize for 1928 was awarded by the Council to Mr. 
C. V. Brown for his paper on ** The Technical Problems for Long Distance 
Flying.’ 


Medals and A wards 


At a Meeting of Council held on December rith, 1928, it was decided to 
adopt the following recommendation of the Medals and Awards Committee :— 


That the year for awarding all medals and prizes should be from July 1st 
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to June 3oth. In the case of the R.38 and Busk Memorial awards the dates for 
entry this vear should be advanced from their present dates of September 3oth 
and December 3ist, 1928, to March 31st, 192g, and that the papers should be 
delivered to the Secretary by June 3oth. 

The Committee also recommended and the Council adopted the following 
resolution 

That the Wilbur Wright Memorial Lecture should not be included in the 
lectures to be considered for the awards of any medals and prizes by the Society. 


Lecture Programme 
1928. 

October 4th.—Mr. J. D. North, F.R.Ae.S., M.LAe.E., The Technical 
Development of the Aeroplane.”’ 

October 18th.—Mr. H. Sutton, M.Sc., ‘* Light Alloys and their Use in 
Aircraft.”’ 

November 1st.—Mr. W. D. Douglas, A.F.R.Ae.S., and Miss C. B. Pettifor, 
“The Testing of Adhesives for Timber.”’ 

November 8th.—Wing-Commander Cave-Browne-Cave, C.B.E., 
F.R.Ae.S., ‘* Machinery Installation of R.1o1.”’ 

November 15th.—Mr. R. J. Penn, A.M.1.Mech.E., ‘* Testing Aeroplane 
Engines in’ Flight, with Special Reference to Carburation and 


Carburettors.’”’ 

November 22nd.—-Major T. M. Barlow, F.R.Ae.S., ‘f The Influence of Size 
on Weight of Aircraft.”’ 

November 20th.—Mr. F. Sigrist, A.F.R.Ae.S., Production Problems.’’ 

December 6th.—Squadron Leader J. H. Hinkler, A.F.C., D.S.M., 
R.A.A.F., on his Solo Flight to Australia.” 


Wiibur Wright Memorial Lecture 

The Wilbur Wright Memorial Lecture for 1928 was delivered by Mr. F. 
Handley Page on May 30th on his recent work on the Automatic Slot. The 
lecture was printed in the August issue of the Journal. 

The Meeting was followed by the Annual Council Dinner at The Atheneum, 


at which a number of distinguished guests were present. The dinner was 
made the occasion to send to Mr. Orville Wright an illuminated address signed 
by those present. .\ photograph of the address appeared in the August issue of 


the Journal. 


Banquet to Mr. A. V. Roe 

On June 8th, 1928, a banquet was given by the Royal Aeronautical Society, 
the Royal Aero Club, the Air League of the British Empire, and the Society of 
British Aircraft Constructers, in honour of Mr. A. V. Roe, and in recognition 
of his pioneer work on machines of his own design and construction, and of the 
great debt which British aviation owes him. 

A full account of the dinner, together with the names of those present, was 
published in the Journal for July, 1928. The large attendance of members and 
guests was a record at any aeronautical function of a similar nature The 
banquet was followed by a dance, at which H.R.H. the Duke of York, Patron 
of the Royal Aeronautical Society, was present. 


Wright Anniversary Dinner 

The President and Council held a reception and dinner on December 17th, 
1928, in honour of the first flight by Mr. Orville Wright in the history of the 
world in a power-driven heavier-than-air machine. By the courtesy of Colonel 
Sir Henry Lyons, Director of the Science Museum, the dinner was arranged 
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beneath the original Wright machine now housed in the Science Museum at 


South Kensington. The chair was taken by ithe President, Colonel the Master ot 
Sempill, and the function was made the occasion for the presentation of the 
Society's awards of the vear. .\ full accoun. of the reception and dinner, together 


with the list of guests, was printed in the Journal for January, 1929. 


Students’ Section 


\ number of successful mectings were held and visits paid during the year 
by members of the Students’ Section. , 

The Inaugural Lecture before the Section for 1928-g was given by Major 
\. R. Low, F.LR.Ae.S., Member of Council, on November 23rd, on * Some New 
Points of View on Fluid Motion.”” The Chair was taken by Mr. S. Scott Hall, 
a former Honorary Secretary of the Students’ Section. 

The Council hope that all Students will make every effort to attend lectures 
and visits arranged on their behalf. During the visits the students have oppor- 
tunities of studying the practical side of aviation which they would not other- 
wise have. 

In November Mr. H. FF. Winny, the Honorary Secretary for 1927-28, 
resigned and Mr. VT. Tanner was clected the Honorary Secretary for the coming 
year. The Council wish to place on record their thanks for the work Mr. W Inny 
did during the vear. 


Branches 
This vear the Council have reecived a number of inquiries for the formation 
of new branches, particularly from Bristol, Martiesham, Birmingham, and Hull. 
\ new branch was formed at Oxford during the vear. The Council realise the 
importance of forming branches and are prepared to offer all assistance within 
their power both in their actual formation and carrying on. The existing 
branches are in a very flourishing condition and the Council wish to place on 
record their thanks for the amount of time and energy which has been devoted 
to the branches by their Chairmen, Honorary Secretaries, and Committees. 
Visits have been paid by the President and the Secretary to a number of branches 
during the vear. The following is a list of branches and their addresses : 
Coventry Branch: 21, Styvechale Avenue, Coventry. 
Hon. Secretary: KF. Meadows, A. F.R.Ae.S. 
Yeowll Branch: Westland Works, Yeovil, Somerset. 
Hon. Secretary: V. S. Gaunt, A.M.I.Ae.E. 


Vanchester Branch: 25, Plymouth Grove West, Manchester. 
fon. Secretary: 1. Levy, BiSc:, A.F.R.AeS. 
Leeds Branch: The University, Leeds. 
Hon. Secretary: T. M. Naylor, A.R.Ae.S.I. 
Halton Branch: Royal Air Force, Halton, Bucks. 
Hon. Secretary : Haddon, A.F.R.Ae.S. 
Oxford Branch: Oxford University Air Squadron, Manor Road, Oxford. 
Hon. Secretary : Wine Cmdr. A. G. R. Garrod, .\.R.Ae.S.1. 
lustralasian Branch: Orontes,’’ Clarke Street, Granville, N.S.W. 
Hon. Secretary: Mr. T. D. J]. Leech, M.I.Ac.F. 


. . . . . 

International Aeronautical Exhibition, Berlin 
The Royal Aeronautical Society was represented at the International \ero- 
nautical Exhibition held in’ Berlin on October 7th-21st, 1928, bv an historical 
exhibit of a notable character. The exhibit was de signed to illustrate, by means 


of a carefully chosen selection of rare books, engravings, drawings, manuscripts 
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ind photographs, the gradual evolution of the idea and the practice of fight in 
Great Britain from the carliest down to recent times. 

The preparation of the great amount of material available was in the hands 
of Mr. J. E. Hodgson, the Honorary Librarian, who not only devoted a great 
deal of time and energy to make the exhibit representative and worthy of Great 
Britain, but lent the Society a large number of valuable books and prints from 
his own collection. .\ full account of the exhibit was given in the Journal for 
November, 1928. 

The Council feel that the Society owes a very great debt of gratitude indeed 
to Mr. Hodgson, for the vast amount of work which he gave so willingly to make 


the Society’s exhibit the great success it was. The Council have reason to 
believe that the main object of the exhibit, viz., to maintain or advance the 
prestige of the Society abroad, was definitely achieved. Mr. Hodgson’s advice, 
too, on the general preparation of the exhibit proved invaluable. The Society 


was most fortunate that its President, Colonel the Master of Sempill, was able 
fo accept an invitation from the Committee of the Exhibition to give a lecture, 
as the British representative. The Council wish to place on record their appre- 
iation of the unstinted efforts of the President in organising the Society’s exhibit. 


International Civil Aeronautics Conference, Washington 


At the International Civil Aeronautics Conference held in) Washington on 
December 12th, 13th and 4th, 1928, the following members of the Society 
ittended as its delegates : 

Captain |: Goodman-Crouch; Ae E- 

Wing Commander E. W. Stedman, O.B.E., F.R.Ae.S., Chief Aero- 
nautical Engincer in the Department of National Defence, Canada. 

Captain F. S. Barnwell, F.R.Ae.S. 

Hon. Edward P. Warner, F.R.Ae.S., Assistant Secretary of the Navy 
for Aeronautics, Washington, D.C. 

\ paper was prepared for the Conference dealing with the following British 
Pioneer flights : 

The First Non-Stop Trans-Atlantic Aeroplane light, June 14,15, 1919. 
Kneland to Australia Flight, 19109. 

Klight round Australia, 1914. 

London to Australia and Return, 1926. 

Survey Flight round Africa, 1927-28. 

Light Aeroplane light to \ustralia, 1928. 


International Aircraft Exhibition, Olympia 
\n International Aircraft Exhibition will be held at Olympia, July 16-27, 
29. At the invitation of the Secretary of British Aircraft) Constructors the 


Roval Aeronautica. society have accepted the offer of a considerable amount of 


space for staging an exhibit similar to the one staged so successfully at th 
Berlin Exhibition of 1928.) The preliminary arrangements are in the hands ol 


the President, Colonel the Master of Sempill, and Mr. J. EK. Hodgson, the 


Honorary Librarian. 


World Engineering Congress 

\ World Engineering Congress will be held in Tokyo in October-November, 
The general programme of the Congress was summarised in the Monthly 


Notice for January, 1929. The Council are arranging to appoint delegates to the 
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Congress and to arrange for the reading of papers, a number of which have 
already been submitted. 


Publications 


During the year the Society has continued its policy of reprinting important 
lectures. Since the last Annual Report the following reprints have been 
published :— 

No. 27. ‘* The Problem of the Long Range Flying Boat,’’ by Major J. D. 

Rennie, A.R.T.C., Assoc. M.Inst.C.E., F.R.Ae.S. 
No. 28. ‘‘ Fog,’’ by Captain F, Entwistle, B.Sc. 
No. 29. ‘* Modern Developments in Aircraft Instruments,’? by Major C. J. 
Stewart, O.B.E., M.I.Mech.E., F.R.Ae.S., M.I.A.E. 
No. 30. ‘* Experiments on Modern Airscrews at High Tip Speeds,”’ by Mr. 
G. P. Doupias, M.C., D.Sc. 
‘©The Variable Pitch Airscrew,’? by H. S. Hele-Shaw, D.Sc., 
LL.D., F.R.S., and J. E. Beacham, B.Sc., A.C.G.I., A.M.Inst.C.E. 
No. 32. The 16th Wilbur Wright Memorial Lecture (‘* Automatic Slot ’’), 
9y F. Handley Page, C.B.E., F.R.Ae.S. 
No. 33. ‘* Notes on a Family of Similar Flying Boats,’’ by C. Dornier. 


No. 


No. 


A.F.R.Ae.S. 


A new List of Members was published in October, 1928. 


Journal 

The largely increased size of the Journal of 1927 has been maintained 
throughout the year 1928. In addition to the Abstracts of articles appearing 
in the world’s technical Press and Scientific publications, which are printed by 
arrangement with the Air Ministry, abstracts and summaries of all publications 
received by the Society have been printed. 

In January, 1929, the first of the new Monthly Notices were printed, re- 
placing the Preliminary Notices. These Monthly Notices are inset in’ the 
Journal, and such matter as appears in them which should be placed on record 
in the bound volumes will be embodied in the Annuai Report of the Council. 
These Monthly Notices bring the Journal more in line with the Proceedings and 
journals of other scientific and engineering bodies. 


Technical Information Index 


During the year a card index has been formed at the Society's offices, giving 
references to articles, papers and books on all aspects of the science of aero- 


nautics and its allied sciences. The Index already contains some 20,000 
references, and is being constantly added to. It is hoped, in time, to make it 
one of the biggest aeronautical indexes extant. A list of the official publications, 


technical papers, ete., covered by the index is published from time to time in 
the Journal. 


Finance 


The Balance Sheet and Revenue Account of Aerial Science Ltd. are published 
with this issue. The form in which the accounts are drawn up show an excess of 
income over expenditure for the vear under review of £1,114 16s. 7d. This 
figure is reduced in the Balance Sheet by the deficiency of earlier years to 
£579 9s. 7d. The Council wish to point out that even this excess is entirely due 
to generous donations which have been received. Deducting these donations, 
which are in no sense permanent sources of income, but are entirely dependent 
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upon the goodwill of the donors, there is an actual loss on the year of over 


£600. 

The Council therefore feel that every effort must be made to make the Society 
self-supporting. In this effort every member can and ought to assist by increasing 
membership and by the building up of a substantial Endowment Fund. 


The First English Aeronaut 

On October 25th the Bishop of Oxford unveiled a tablet (erected by 
private subscription) in the Church of St. Peter in the East, Oxford, in memory 
of James Sadler, the First English Aeronaut, who was buried in the churchyard. 
Karlier in the year the Society renewed the tombstone over Sadler's grave by 
way of commemorating the Centenary of his death. The initiative in these 
matters was due to Mr. J. E. Hodgson, the Honorary Librarian, and the Council 
wish to record their appreciation of his work, both as their representative and in 
his personal endeavours. Mr. J. E. Hodgson and Captain J. Laurence Pritchard 
attended the unveiling ceremony on behalf of the Society. 


President 


At a meeting of the Council held on May 8th, 1928, Colonel the Master of 
Sempill, A.F.C., A.F.R.Ae.S., was unanimously elected President of the Royal 
Aeronautical Society with which is incorporated the Institution of Aeronautical 
Engineers. 

The Council and the Society owe a very great debt to the Master of Sempill. 
Since he was unanimously elected its Chairman in 1926, he has given an 
increasing amount of time to the work of the Society, and it is, undoubtedly, 
largely his untiring energy on its behalf, his constant thought for its welfare, 
and his great capacity for organisation, which has placed the Society in the 
influential position it now is. 

Colonel the Master of Sempill has been Chairman and President during a 
period of transition and difficulty, and it has been due to his great tact and good 
judgment that so many of the difficulties facing the Society during the past few 
years have been so successfully surmounted. 


Resignation of Mr. B. Woodward 

During the vear the Council received, with great regret, the resignation of 
Mr. B. Woodward, on account of ill-health, from his position as Honorary 
Solicitor to the Society. Mr. B. Woodward became Honorary Solicitor in 
October, 1912, and in that year drew up the Articles and Memoranda of Associa- 
tion of Aerial Science Limited, the private limited company which controls the 
finances of the R.Ae.S.1. The work Mr. Woodward did on behalf of the Society 
in those early years, his untiring energy, and his sound advice, have proved of 
inestimable value. From the day he was appointed, until a few weeks before his 
resignation towards the end of 1928, the Council had constantly to ask his 
advice on legal matters, and those connected with the new rules and various 
draft regulations, and that advice was most ungrudgingly given. The Council 
wish to place on record their deep appreciation of Mr. Woodward's services 
during the past sixteen years. 


Honorary Solicitor 

Mr. Lawrence A. Wingfield, M.C., D.F.C., Associate, who acted as Honorat ¥ 
Solicitor for the Institution of Aeronautical Engineers, was formally appointed 
Honorary Solicitor to Aerial Science Ltd. on October 16th, 1928. As a Member 
of Council his advice has for the past year been freely given on all legal matters. 


(Continued on page 174). 
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AERIAL SCIENCE, LIMITED 


Balance Sheet, 
To Nominal Capital 
Divided into 20 Shares of 1/- each and 999 Shares of €leach ... 1000 0 O 
Capital Issued 


Donation received in advance... 1026 13 11 
Carnegie U.K. Trust Grant for Purchase of Books ... 500 O 

Expended to 31st December, 1928 ... S 


KHndowment Fund 
Balance at 31st December, 1927 97 2 O 
{dd —Donations received during year... 150 16 O 
1047 18 O 
irplus 


Reserve Fund 


Balance at 3ist December, 1927... 12 
ntrance Fees received during year 149 8 O 
3856. 0 9 
Income and Ewpenditure Account 
Excess of Income over Expenditure for veartodate 1114 1607 
1.ess Deficic ney at 31st December, 1927 538 4 
76 9 


Income and Expenditure Account 


Po O R ul, Heatin Lighti und Insurance 356 17 
Salaries 1001 Dp A 
Printing and Statione 375 it 
Lage XC 
Office Expense [22 
\udit ( 
lh e Tay 10 14 « 
Kxeess of Income over Expenditure for Year, carried to Balance Sheet 1114 16 7 


Cr. 
By 
S962 10 4 
7290 
| 
Dr. a 
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(The Royal Aeronautical Society). 


3/st December, 1928. 

cr. 

By Ofjiice Furniture, Printed Books, Bindings, Old Prints, etc., as at 
3lst December, 1927 (including Carnegie Grant— £465 8s. 7d) 


Add— Additions during 


Stock of JOURNALS, 
Stock of Stationery 
Sundry Debtors, including Subscriptions owing 
Tnvestmenis at Cost 

£3483 6s. Od. 5° War Stock, 1929/47 
Bnrdowment Fund 

£1981 19s. 9d. 34./ Conversion Stock at cost 


Cash at Bank 


Cash at Bank and in Hand 
At Bank... 
In Hand... 


for the Year Ending 31st December, 1928. 
Cr. 
By Annual Subscription 
Interest on Investments 
Deposit ... 


kndowment Fund Investment (Less 


Donations 
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ied) PRICE, WATERHOU 


104% 


1210 


6 
12 
O 
12 10 
O 
19 6 
> § 


() 
d. 
10 4 
4 
10 10 
10 


t, 
15° 6 
908 
13 
) 
3465 
| S| 
d 
| 33 4 
214 
E99 


174 SIXTY-FOURTH 


During the progress of drafting the new rules for the amalgamated body, Mr. 
Wingfield’s services were of the greatest possible value to the Rules Committee, 
of which he was a men 


Staff 


The activities of the Society are increasing rapidly and such general progress 
as has been made is due in no uncertain measure to the unt uting activity o 
the Secretary and the Staff. 

The Secretary, Captain 
displayed considerable tact in carrying out his duties and has i past > ears at 


REPORT 


ho was 


OF THE COUNCIL 


appomted 1 1@ 5, has 


least served the Society under conditions that would not mn acce le 
to anyone unprepared io place personal considerations in ground. 
Council wish to emphas:se and place on record their great «, ation « 
work done by the Assistant Secretary iss Barbe, Miss , >is and 
Todd. 
Honorary Treasurer 
For the second year in succession the Council have t 1 wledge th g¢ at { 
debt they owe to Major D. H. F.K.Ae.S., ccasurer, 
for the constant advice and assistance ias given. 
Honorary Accountan? 
The Council recorel great pleasure the advic vhich } en 
throughout the year by Mr. Norman Smit' he Hone ay Ace | 
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4S was a joint mecting of the Koval Aeroanuttcal Society and 


MASTER 
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OF 


R10] 


the Institu- 


ti c” Automobile 1 ineers, and was held in th Lecture Aall of the Royal 
Se t of Arts, John . Adelphi, W.C.2, The sday, November 1928. 
Pre .pentT: extended a hearty we come to all present and par ‘icularly 
President of the Institution of Engineers (Mr. L. H. 
: vynom he hoped would atte fucare eetines of the: Society 
a joint meetings which haw inved. The jomt  aeeting's 
L necessful indeed in the past ¢ ad hoped that, in addition to 
already been arranged for t’ p sent seston, there would be 
‘uture sessions 
‘ow of to-night’s paper was one of twe di tinguished brothers who 
‘ry great dea! indeed ring the Royal “ir Farce to its present 
Vheo tame of his brothe Group Captain Cave-Browne- 
uid be vece od n history as that of the leader of the wreatest and 
ssful cruise i made by an reraft in the weorld-—u ru'se of the 
carine Southamptor. rac’ mes frem this country to Australia and 
rapore, which was i ¢ led to Hong ixong and 
ren cally. lecture by Ween ommander Cave-Browne-Cave always 
considerable attention. He wes intimately connected with the work 
Royal Acronai ‘1 Society and of other Kivdred such as the 


ution of Automobiy Engineers festituben fecheni 


he Institution of Na ‘rchitect His career had commenced 


v; subsequently he } joined the Roval Naval Air Service, 
many years his time had been devoted aln <clusively 
isine’ from the design and use of lighter-thameair c.aft. His de sign 

1 zeneral technical ex rience had been tempered with a ¢ 


l experience in the operation of this type of craft. 


Chere were differences ©  xpinion with regard the prese a 
he personally ranzed h.mseif ver: decia Hy on the side ot 
entausiast, because he b Neved the airship would prose to be the 
which would sol we-distance transport prablems, he hoped 


Hic leoked forward to the time wi 


Engineers 


in the Royal 
and for the 
10 problems 
Xperience 


wreat desl of prac- 


irsmip policy. 


the airship 
of craft 
the nea; 


en the two great airships now being 
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built would take the air and | ts many people belicved tne ouid do 
that they were capable of doine vas expected of them in that dircetion. 
There had been mueh criticiss airship poliev generally, and it seemed 
to him that much of it was we custined He we ‘rfectly sure that 
Wing Commander sve-Broy ve and whose associviece v .th the bual 
both airships now under construction would be the first «& elcome cei ( 
criticism. Anything which was obstructive, however, an id no const) .tive t 
element in it at all, was very r ich to deplored. 

Wing Commanéer T VAVE-P (AVI It is the vibtfal lability 
of the machinery which more than any other factor has limited the use of pa 
airships. It is the use of petrol which—apart from attac! with incendiary billet: 

has constituted the greatest fire risk in connection with their operation 

In developing the machinery instelation of reliability and safety 
from fire have been the main ob eeti 

Safety has been sought by the use of vv fuel « ins) ead ol petrol. This 


was only possible in an engine developed by Messrs. ' ardmore from a general 


which weighed ibout roolbs. er b.hep. So long a step involves delay 


and uncertainty which, however, ap eared ju. * by the gain in sa‘_ty. 

Reliability, although possibly sjudiced , use of six 1e 
has been sought in the desi: . the install-‘ie and im the ‘paration ce 
for test. Each engime is ca linia unit, “atch can be isily 
changed for another complet vit nic t airship at he moor wer 
Each unit can there'ore be n na gantry and tested under condition 
essentially similar te those o!} 

It was hoped that engsnes m yvht have been available in lime to allow a unit 
to undergo such thorough test and developmert that the time the airship 
makes her trial flight they would cause no up crtainty whatever in the mind 
of the Captain. 

In the following description the author has been allowed tu cover not on! 
the installation as i will be used in the trial flights, ‘at a muck of the 
experimental work wich has led, through somie changes, to this conclu on, and 
to outline developments which appeal indicated a later stave. It more 
usual to deseribe only the successful achievement, and the author is me vatefy 
to the Air Ministry and to the various firms for permission to fe .ow heat 
appears to him to be the mere useful cours: 

It should be remen when considering ques of  efliciency 
economy, that the destgn is ed on a wal flighe of 50 hours. 

Phe general arrangement of the airsiap is shown in Fig. 1. There are 
five identical power units of which the aftermost is p! ced on the centre line I 
so as to give a good flow of airy to the rudder, ven at the low speed at 
which the airship will approach the mooring towe: Vhe remaining cars are 
in pairs, some distance before and abaft the passenger quarters. 

The choice of the number of units is limited partly by the engines available, 
but also by the power which can be efficiently used in an airscrew of reasonable 


size at the air speed of 75 miles hour, a speed which is low by comparison witl 
present acroplane practice. \irscrew efhiciency is of great importance becaust 
the design is based on a normal flight of 50 hours. 

The design provides for variable pitch airscrews, capable of giving forward, 
neutral or astern thrust. Astern thrust is necessary to checking the forward 
way of the airship as she approaches the mooring tower. It would never be 
used to give the airship any actual movement astern. 

It was originally hoped that each engine would develop 700 b.h.p. at 
1000 revs.;min. If fitted with a r6ft. airscrew, such units would have give 


a very satistactory airesrew ethciency and a good airship speec 
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The Main Engines 


The Beardmore Tornado engines are now to develop a continuous full power 
of 585 b.h.p., with a maximum of 650 b.h.p. 

Their paramount merit for this duty is that they burn oil of such high 
flash point that it has to be heated to the temperature of boiling water before 
it will give off any inflammable vapour at all. The safety of this fuel is dis- 
cussed more fully later in the lecture, but is mentioned here because it was the 
decisive factor in the choice of engines. 


2. Fic. 3. 


Fic. 4. FIG. 5. 


The engine has eight eylinders of 8}in. bore with a 12in. stroke arranged 
upright in line. 

This arrangement involves a comparatively long crankshaft) which in 
association with eight cylinders is liable to suffer torsional resonance at a 
comparatively low speed. 

This resonance has proved to be the greatest difficulty which has been 


met in the development of the engine. Although there were signs: of it during 
the early tests on the Froude brake, the trouble could not be thoroughly 
investigated until the engine was run with its airscrew. The development 


further of the engine on the brake was done without flywheel and with a spring 
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coupling. R.A.E. carried out a static twisting test on the crankshaft, and 


from it estimated that there would be a major critical speed at 930 revs./min. 

The serious trouble arose when the airscrew test began. It was investi- 
gated by the Staff of RLAJE. with a torsiograph (described in R.Ae. Journal of 
April, 1927), which recorded photographically the torsional strain produced in 
the crankshaft at each part of the cycle. The torque strain is measured by the 
polar ordinates. Figs. 2, 3, 4 and 5 reproduce diagrams taken at an engine 
speed of 450, 750, 850 and g5o0 revs. min, 

The diagram for 950 revs./min. showed a variation of plus and minus 
thirty times the mean torque. This may have been an exaggeration by the 
instrument or an abnormally serious building up by resonance. The instrument, 
after it had been improved in detail, showed under similar conditions a variation 
of fifteen times the mean torque. 

An eight-cvlinder engine of this type will, without resonance, show a 
variation of about 75 per cent. of the mean torque. The effect of resonance 
was therefore to increase the variation to twenty times its normal value. 


From research which he has now done on the shafts of this and another 
type of engine, Major Carter has evolved a formula (vide Engineermg, 13 July, 
1928, p. 36) whereby the dangerous resonant speed of a crankshaft can, with 
fair accuracy, be predicted from the drawings of the shaft. 

It was, without complete reconstruction of the engine, only possible to 
increase certain dimensions of the crankshaft. New shafts have, however, 
been designed so far stiffer than the previous ones that the major critical 
speed is well outside the normal range of running speed. It is not possible, 
however, to keep clear of the minor critical speeds and a damper flywheel 
is being fitted to the crankshaft at the end remote from the airscrew. As 
a still more certain remedy, it has been decided to fit, between the crankshatt 
and the airscrew, a spring coupling of stiffness so calculated as to bring the 
major critical speed far below the running range. The damper is being retained 
as an easily adjustable means of suppressing any difficulty which may arise. 


\ 
Fic. 6. 
| 


180 T. R. CAVE-BROWNE-CAVE 


All these troubles appear as a scrious disadvantage of the eight-cylinder 
in line engine. Many of them could have been avoided if present knowledge had 
been available when the engine design began. Against them must be set 
the very great advantage that a straight engine has for installation in a narrow 
car, where, as in an airship, good access to all parts of the engine is required. 

The engine is shown in Fig. 6 and 6a, and is closely similar to one which has 
been more fully described by Mr. Chorlton to the Institution of Mechanical 
Engineers (Proceedings, 19 March, 1926). Oil is injected into each cylinder 
shortly before the top of compression when the temperature and density of 
the air are suflicient to produce ignition and rapid burning. Injection normaliy 
begins at a fixed angle before the top dead centre. The quantity of fuel 
admitted and therefore the power developed depend upon the time for which 
this injection continues. This is controlled by a lever used like the throttle 
of a petrol engine but acting more like the cut-off of a steam engine. — It 
constitutes the only ‘* control ’’ the engineer has to operate when varying power. 


Tank 
J 
_ 
4 hwvalve C 


Fic. 7: 


Its action is shown in Fig. 7. Injection only takes place while the elt 


on the flash valve closes the passage from the fuel supply to the pump. ic 
edge of this belt is square to the axis and causes injection always to he 
at the same point of the stroke. The other edge is in a plane inclined to 


axis. When it opens the port injection ceases. Control is therefore effected 
rotating the flash valve about its axis. 

The sprayers are automatic and are actuated by the pressure produced 
by the injection pump. Each is mounted in the centre of the vcytinder hea 
between the two inlet and two exhaust valves 


The consumption 1 the engine at its contin full power is .385lbs. /b.h.p. 
per hour. This is a saving of some 30 per as compared with a_ petrol 


engine. Whereas the economy of a petrol engine decreases at lower power 
or if the altitude control is not most carefully used, the consumption of this 
engine improves slightly for a small decrease of power and is not endangered 
by the use of a difficult control. 


The engine weighs about 8lbs. /b ‘>. but th is reasonable doubt 
that this weight can be halved when ‘sign has v ; the refinements 
necessary to bring it im line with ot. en re . wre appears no 


fundamental reason why the ¢ co». 4sion nition gine should 
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be as much as twice that of a petrol engine of the same power and cqual 
refinement. 

It must be remembered that none of the major troubles has been due to the 
engine working with heavy oil. 


Engine Starting 

The Tornado is started by an auxiliary engine which drives a Bendix pinion 
through a reduction gear of 20:1. Although the auxiliary engine is capable 
of developing over 4o h.p. at 2,000 revs./min., it is found that less than 
io h.p. is required to run the main engine up to the 100 to 120 revs,/min., as 
which it starts without hesitation. A decompressor lifts an inlet valve of 
each cylinder and therefore prevents the fuel charge being fired. The main engine 
is driven at about 100 revs. by the auxiliary engine until fuel is being steadily 


delivered to every sprayer. ‘The speed is then increased slightly and the 
decompressor shut. The momentum of the airscrew is quite sufficient to carry 
the main cylinders over full compression, thereby causing the injected charges 
to fire. 


The Bendix pinion is thrown out automatically and closes an electric contact, 
thereby switching off the starting engine. 


Variable Pitch Airscrews 

Phe airscrew hub is of a design made to meet the requirements pec uliar 
to airship use. The blades can be turned about their own axis so as to give 
ahead or astern thrust or into a neutral position where, although the engin is 
running and therefore instantly ready, no thrust is) ag developed. 

This involves a movement of about 20° on either e of the neutral position. 
If, when the engine is stopped, the blades are turned through about go° from 
the neutral position, they exert minimum drag. 


If, while the airship is going ahead, th *‘ des are gradually turned from 

position, they form a windmill by wh’ gine cor ssibly be started. 

wach blade root * with a fl innermo This engages 
corresponding shout e? tuli speed there ts petween these a 
pressure of some go tons, watch th blade very rigidly against rocking 
in its housing or gr “tal variatic oo. pitch. 

There is, howe, remely stiff sprin: in the form triple Belleville 
washer, which when ed is decreased 500 overcomes the 
centrifugal force  cleases the flange fror the ce thereby allowing 
the blade to be fre srned by gearing, 

The ctuating gear the form of »* ‘sage a wheel 
on ade root. actuated * id bevel gearing 
by a ¢ ing carri 1 this gear 
ring» the sur of ep-cyclic ve: om , although the 
airs be rotadng it is ‘ned by a pinion . the opewating 
shaft v ms along the de vi the engine. This e| iv, although 
it runs ’e engine, is under no load except when ,it in actually being 
changed. 

The hur. proved entirely satisfactory unde. nin test and pro.onged 
tests in the car, mounted on the test gantry. 

The air. crew blades used with this hub were of ’ el construction, 
which proved satisfactory on spinning f and on ig in the car. 
They failed, hewever, during a torsiograyh test in whica t -e exposed to 
altogether wbn ormal torque fluctuations ‘eferred te abo: not possible 


greatly to crease the strength of blad f this d is necessary 


om 
| | 


182 T. R. CAVE-BROWNE-CAVE 


still to provide against possibly large torque fluctuations, it has been decided 


to use solid alloy blades, c hich the root strength can be greatly increased. 
These can be carried in the xe hubs, modified to allow for the greater centri- 


fugal force caused by the heavier blades. 


THRUST WIRE BEARING. 
Fic. 8. 

As a tempora''y precaution against delay in developing these blades and the 
modified hub, wooden airscrey of fixed pitch are’ being constructed. One 
of these is being desirnec for astern thrust and is therefore capabk 
of exerting the neovssary 1 on the airship. 
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of the p Coa ‘ven wher. the air- 
engines full power, it 
ist wire tf a bee cried on the © «ter 
before, Fut tu uly with geared 
ch the teus, n tnemoer could 2 taken 
vr end. I th present design the air- 


the stator. centr tension: member 

be capable of ig the fvjl tension 

t and a jo cing which cannot 
ad 8a n ar~angement 
roved entire ausf ry vu der large 
al load. 

sy ich as already been 

yurral, ji 1926). The circulation 


n Fig. g passes from the head. 


vhich will, it is hoved, finally take the 
cover of the airship so that cooling 


e. Very satisfactory preliminary ex- 
‘s, b «t the step from the test house 
system should b allowed to 
ac cerefore being prov'ded for use 
tested in ‘ight. Each raqaiator has a 
steam if the cooling is inadequate while 


es is led to a large radiator 

ventileting fan of the 

‘equiren., Ci lowered into the 

e liable t« -eze. Steam may 
form is factory. 


ucship ¢ 


o 


hygh enough for the condensate to 
‘ thence to the engine. ‘The passenger 
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radiator is, howevi? we essary low the level of the cars which suppl; t. 
An electrically dr’ v« mp is fore mour.ted on the bottom of ©.» rad.ator 
to return the conden.g ¢ avid © ‘p a pressure sh, fitly below atmospheric, 
thereby assisting the ft of s ; rom the engine through the long lengths 


of piping. 


Exhaust Boiler 


The waste stam ‘ hg r jackets cannot be a! more than atmos- 
pheric pressure wi” >» to the cylindes heads of the 
Tornado engine. (1, vuld 1 ipp! in a redesigned engine). 
Some cooking processt nperatu: of fully reo% and this would 
not at altitude be certainly avai’ rom at oheric pressure. 

It was therefore i ided t at solis./in. essure from an 
exhaust heated boil 

It has subseque »een de « b whole of the cooking electri “‘y. 
The design of the 7 hich t a... ictory trials was interesting 

The tube bleck \ up like a honeycomb radiator from circa 
tubes opened out to m ends .1¢ clge welded together. The tube block 
is contained in a wy" i shell. he ‘ts an additional wrapper plate wh fis 
close round the tube dees not « tera. the top er bottom ends. The fori 
tion of steam in (he . Mock therefore © oes a vicient circulation over the tc > of 
this wrapper plate. 

The weight of t  .e@* empty was 153lb. It had ve heating surface 
of 60 sq. ft. and it gallons w: to wi level. it was 
pressure-tested An engir ha 4 7 evlinders and 
developing 270 ».h. Consumption ‘ged ex- 
haust gas to this b o°F, and evaporated 6lbs. of « “a r minute 
at solbs./in.? pres e back pressure in the ext m ‘d was 
0.25]bs. /in.? 

As a precautionar. she supply of feed ater was stop oiler 
run dry without any il, cts of rheating. 

The boiler could not be ope: d for -xamination ex. ¢ on elt 
of the shell plate which would | -epla 4 by a section welded ‘ny. 


In the experimental boiler there was comparatively little se. 'e, but serious 


corrosion. Subsequent boilers were th ‘foi to ‘save been mac 0° stainless 


steel, which it was found could be satisfa. we''ed in the ways 

An alternat ve type of boiler was simu eo. y tested. Ir vas 
discharged over water tubes. The tubes h w easors of spa « 
horizontal and ‘t proved ‘ acl steady circulation 
priming. There wa: great difficuity sup; 1g the external ca ust 
the pulsations of the exhaust. This design w. abandoned. 


Auxiliary Machinery 

The auxiliary engines are required, in actition to s > the main engines, 
to drive electric generators and air compressors. 

Three engine cars carry electric generators and the aining two air 
compressors. These are mounted on slide rails under the auawiary engine, so 
that they can be moved aft for examination or a generator and compressor 
interchanged. 

A constant speed windmill is mounted coaxial with the auxiliary engine and 
can drive the auxiliaries when the airspeed is above go miles/hr. It maintains 
constant speed under 100 per cent. variation of load and between airspeeds of 
40 to 80 miles/hr. It develops 12 to rs h.p. 

I 


| 
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Pitch is varied !y t. n heavy cans, carried on arms 
attached to the biedes, ac stable owes. The movement 
is Gamped and the diades e in links attached to 
i dashpot at the front end of i 

The engines at present ins petrol, but a ppl in each car is 
carried in a tank which can im slippe in of fixe, 

The cooling water system ol fiary ‘aed with that 
of the main engine, so that no inde radia ion 1 ed. he auxiliary 
engine can warm the main engine. eh that ba 9 iroved’ necessary for 
starting; it may be a venient way o!} © ‘ng freezne nen the main engine 
is stoppec 
Lubricati... ™? Sysrem 

the lubri ¢ oil is carried in two teks 1 biavs of the car 
structure ' tt. forwar” end of the e. 

Poe: fitted with . aratively small 
quan of sil circulatic m up quickly. 
There ..e, how: le. through top ne battie sufhcient to 
allow oil to pass circulation as reg 

The second tank ' s suction and deliv 1.om the engine, so that 
it forms a storage and an alternative avail: we of failure of the larger 
tank. 

There a cock on the suction and «© 1 ielivery pipe of the oil pumps, 
so that th hange over can be quickly cffectea. These cocks arc so shaped 
that they not, at the risk of ‘e-sting “Se pump, be wholly shut off while 
changing 

The full quant*ty of oil re 101 5 urs flight can be carried in these 
two tanks. The dnuculty ef ' g oil fro. a storage in the hull is therefore 
avoided. 

The heat 1 1 ngine gives to its oil is large as compared 
with th in + aero -he same power. This is preswmably because 
of the ge suoace + 1 ase kept at almost roo°C, by proximity to 
the cylinder jackets. Th vtted surface in the crankcase is, however, 
correspondingly large (abc olt.*). The air in the crankcase is circulated 
violently over this large sur and rapidly reaches the temperature of the oil. 


Circulation of air through the crankcase is therefore a very effective method of 
oil cooling. It is necessary however, to prevent the passage of oil with the 


issuing air. It was proposed to draw the whole of the induction air through 
the crankcase and a satisfactory apparatus was made for the experimental engine, 
which had four Tornado ecvlinders. The slight loss of pressure and increase of 


air tem erature had no measurable effect- on the power or fuel consumption. 
In ‘voiding the loss of lubricating oil the greatest difficulty lay in preventing 
a film « oil being swept up the pipes and sides of the separator chamber by the 


flow of air. As soon as the nature of the trouble was teeted, it was easily 
avoided by making the tank wide enough to give a » low air velocity over 
one section. Drops of oil were easily stopy bv suiiabiv shaped intakes. The 


oil fog which is sometimes visiblco frum crankcase vents appears to contain a 
totally negligible volume of oil. 

Some doubt was raised as to the safety of the apparatus from explosion, 
and as the risk could not be wholly disproved, the system was abandoned in 
favour of the conventional Potts oi! coolers, which, however, involve some 
drag and a considerable amount of piping external to the engine. 

The system is, however, worth consideration, but the suggested danger 
is here explained so that it may be investigated by anyone interested. It was 
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suggested that if the inlet valves were opened by the decompressor while the 
engine was firing, a flame might ignite an explosive mixture coming from the 
crankease. The total quantity of oil lost by the engine, only part of which 


ever entered the cii cooler, was 2.5 per cent. of the weight of fuel burnt. This 
quantity, if wholly vaporised and mixed with the air used by the engine, would 
give a fuel/air ratio of 0.13 per cent. by weight. This is about 1/ 40th ot 


that given by Ricardo as the weakest mixture which can even, when compressed, 
be ignited, even by an electric spark. If the engine were re-started after 
having stood hot for a time, it is possible that the mixture in the crankcase 
might be stronger. 

The danger, in so far as it exists at all, must be assessed in respect of any 
particular installation for which it may be considered. 


It has not been adopted for the Tornado engine in R.tor. 


Accessibility and Repairs 

An important respect in which an airship engine installation differs from that 
in other aircraft is that an engineer is on watch in each engine car and _ that 
an engine can, if necessary, be stopped for repairs in flight. 


In the design of the installation proper attention must be given to accessi- 
bility, so that those minor defects which form such a large proportion of the 
causes of engine failure may be detected early and remedied, and so that even 
repairs of considerable magnitude can be effected in flight. 

The car is shown in Figs. 1o, 11 and 12. The engineer is entirels 
protected from the passing air and from a great proportion of the airscrew 
noise. The external shape of the car is, with the exception of the upper part 
of the engine, which necessarily protrudes at the after end, fair enough and 
small enough to satisfy all but the most exacting aerodynamic enthusiast. 
The maximum diameter of the car is less than half the diameter of the airscrew. 

The engineer can, however, pass along the full length of both sides of the 
engine and reach any pipe or joint under the engine. There are on the port side 
two hatches which he can open and gain free access to the whole of the top and 
even the starboard side of the engine, while himself well protected from the 


pas 
and 


tho 


- 
ic. 
{ 


THE MACHINERY INSTALLATION OF AIRSHIP R.101 187 


passing air stream. It is possible, in flight, to remove a cylinder head, piston 
and connecting rod. 

In order to reduce as far as possible the time taken to remove engines for 
thorough overhaul, it is being arranged that the complete engine car can be 


changed for a spare one while the airship is at the mast. This enables the com- 
plete unit, including its auxiliaries, piping, airscrew, etc., to be thoroughly tested 
on a gantry before installation in the airship. 

It has the further important advantage that as soon as an improved type of 
engine is available, a power car can be developed for it so as to replace the earlier 
type of car without delay or alteration to the ship. 


SSS 
vial 
FIG. 11. 
Fig. 12. 
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Gantry Tests 


The first car with its main engine and auxiliaries installed has been mounted 
on a gantry and is suspended as it will be in the airship. Another engine and 
airscrew has been mounted ahead of the car and run so as to give an airstream 
of 7o miles/hr. over the whole car. 

The car has been tipped 15° up and down, and the installation as a whole 
tested as thoroughly as possible with, however, the important reservation that, 
as this engine at present has a crankshaft of the old type which resonates at 
950 rev./min., the speed must not exceed 750 revs./min. The power is therefore 
only about half the maximum. 

It has lately been possible to increase the airscrew torque to its full speed 
value, so that at 750 revs./min. 75 per cent. of full power is being developed. 


Fuel Storage System 


The fuel storage system in the hull has not only to provide a supply of fuel 
to every engine car, but must make it possible to move large quantities of fuel 
fore and aft in the ship, to alter her trim and also to discharge fuel as ballast in 
case of emergency. 

The storage tank unit is one of 224 gallons, with a clearance volume of 
10 per cent. At certain positions it is more convenient to arrange this in two 
tanks of half the capacity, which are used, however, as one unit. 

From the storage tanks fuel drains by gravity to a transfer tank, from which 
it can be blown by compressea air to feed tanks situated above each engine car, 
or, for altering the trim of the airship, to another storage tank. 

\bove each engine car are two feed tanks, each holding 224 gallons, but with 
ro per cent. spare capacity, so that before either is empty it can take the contents 
of a storage tank. Each of these two feed tanks therefore holds sufficient fuel 
for its engine to run eight hours at normal full power. There is at the bottom of 
each feed tank a steam box by which the oil can be heated to flow down more 
easily to the engine car. The duplicate pipes down to the car run parallel to the 
steam pipes, so that there is little risk of failure of the oil supply, even at tem- 
peratures below o°F., at which the oil will flow satisfactorily without any heating. 

The capacity of the systen: is 29 toms, which leaves a considerable margin 
above the 22 tons which is required to reach Egypt by the longest of the th 
selected routes in 40 hours at an air speed of 76 miles/hr. against an averay. 
head wind of 15 mites/hr. Tanks are provided adjacent to the passenger space 
in which a further eight tons can be carried when a reduced weight of passengers 
and freight is taken. 

Compressed air is supplied from a compressor ‘n each of two engine cars, 
and is stored at 60 Ibs./in.? in a tank in the hull This au «terage and the 


transfer tanks are the only ones exposed to pres: ure. 


Compressed air is used in the same way for trimming water ballast. 

The system is filled through 24. main from the bow of the ship, and this 
same large pipe is used for moving fuel fore and aft for trimming. 

In earlier airships i has been customary, when necessary to dischargt 
ballast in emergency, to drop complete tanks containing fuel. These falling 
tanks, although satisfactory when raiding an enemy country, might in peace be 
described as a public danger. It has therefore been arranged that fuel can be 
released very rapidly from certain selected tanks fitted witn special ‘ettison 
valves. This allows the tanks to be slung far more conveniently than ld be 
possible if they had to drop clear through the bracing wi and structur the 


rings in which they are mounted. 


b 
Oo 
tz 
tl 
tk 
O 
n 
a 
t 
1 
1 


ie] 
el 


THE MACHINERY INSTALLATION OF AIRSHIP R.101 189 


A well-shaped 12in. orifice is formed in the bottom of the tank and sealed 
by a disc of 28-gauge aluminium. It has been found to stand an internal pressure 
of 40 lbs./in. as compared with the 2.5 !bs./in. to which it is exposed when the 
tank is full. Beneath this disc is a ring carrying seven knives, which, when 
the ring is rotated, rise into contact, with the disc and cut it neatly out, releasing 
the fuel as a steady 12in. stream which falls clear through a short trunk to the 
outer cover, from which a sealing patch has been previously pulled off. 

It takes eleven seconds to complete the whole operation of releasing the 224 
gallons. <A large vent is therefore necessary to admit air. In the first experi- 
mental tank the vent was too small and the tank collapsed. 

The discharge is a smooth stream of fuel which does not break up in the 
airstream sufficiently quickly for spray to be thrown on to the outer cover. It is, 
however, interesting that when released from 250 feet, this stream has broken up 
to the equivalent of heavy thunderstorm rain before it reaches the ground, and 
if released from the height at which airships will normally fly, will almost 
certainly be undetectable and certainly so widely dispersed as to constitute no 
danger. 


Pipe Fittings 


‘ 


The fuel oil is as ‘* penetrating ’’ as paraffin, and as it does not evaporate 
at all, leakage would be very objectionable. 

The fuel pipes in the hull total a length of over 1,500 feet, the water pipes 
over 500 feet, and there are over 100 cocks. The pipe joints and cocks have 
therefore presented difficult problems. 
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Plug cocks ave proved to be 


sue greatest proof of their tightness is that under the whole fuel 
with 
aere a leakage has ever been. 


are, 


most satisfactory and easily 


very few 


but it has been found desirable par: rly in the 2in. size which have I 
60 Ibs./in. when trimming, to arran,- «nat the plug is lifted off its ser s is 
turned. This is done in the large c <s by a separate grip blade on iat 
and in the smaller size by pres ing handle. 
\nother fittingy, though uscd ‘am pipe svstem, uld 
described here. Phe expansio t shown in Fig. 14 th 
simplicity, has proved entirely ‘actory ur-‘ler a test 
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Fuel Specificetiwon 


The fuel oil sed has b Ug, the spec * Zive w “App dix 

This was drafted with SSIs sey firm oom 
pronise between our requit of ash | i low point. 

The airship may, even on a , -e ove’ i mor eizht, be 
exposed to temperatures below o°F. tor a p (da eight ars. The 
capacity of the feed tanks provides for double 1 de and the  pply from 
them can be stezm heated. 

Flow tests ef various samples were tur ‘presentative system of 
pipe valves and filter mounted in the cola nbe A.E. They showed that 
most oils which have the viscosity specified v” quite sufficiently rapidly 
through the system at temperatures d 0 ¢ 

The safety of a fuel may F measu ce betr its if 
and the temperature of the hc cest surt. ve . can J 
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s difference indicates the rate at which ir” a. apour is given off, 
ie! ant therefore the best meas cre of the ri jlosive mixture in 
a si. ul engine car. 

Presumably the exhaust vipe is so arre ged that | Mt reach st. 

, surface of the engine is th “e ' tance; much of it 
I m: t almost 212°F. 
¢ of the oil samples had a fla’ point of 2% we in that respect 
ae g ly preferable to those having iF. 
| The requirements of high flash p.  setti pol , unfortunately, 
agonistic. It is just those fractic f tl which are capable ef keeping 
| t.c wax in solution which alse -educe =» flash peint. The ‘ sh point called for 
in ‘e specification as temp: 'y fixea at 180°F., in order not to restrict the 
so. es of supply, but most o submitted ve had flash points from 
and therefore hi decided raise the specitied flash 
py -t to 2: 

It may, however, be necessary wef cO a ish pomt in fuel 
intended for use in aeroplanes exp se to ve ow tem, .e. dt would be 
possible and safe to hea ‘he fuel -y stean n dora: vely cooledt system, 
but with an air-cooled en ve heating would , me difficulties. 

Water Recovery 

It is unnecessary ‘9 add much to he Ae ture printed in) i: Journal 
for January, 1926. as there siown ov. + atly che possible recovery 
depended upon the atmospheric humidity, and temperature to which the 

haust gas could soled. 

What apy sal) :actory neans  e “ince been found tor dealing 
with the dirt and he xhaust, r olin, the ge to 100°C., at which 
temperature it sea to fabric eucts, 

The apparat be install early flights of the airship, as its 
final design der uch on the ig obtainable from fabric ducts, and 
this can only bo vtan ttisfactorily fie xperiments made in flight. This 
will be measure’ rE ‘anee for 1 wcts used for evaporative cooling. 

For a Cou Mm does not ap ar economically sound fit 
re very apparatus sole ep pose of recocing the quantity ef hydrogen 
must be replac ach voyage. 

~Maratus capable wering, say, 30 per cent. of th 1el weight would 

the water req «cc as ballast during the later sta: f the flight. It 

ecrease the au. cnt of ballast and increase the amou ~ fuel or freight 
which the airship could ieave. 

If, ine or, onls tof u fuel weight 1s recovered, there miest be a con- 

siderable . itv of hyd-ogen  pich will have to Je discharged te. restore the 
ulibriu th “ship ‘y Janding. If this can be burnt as fuel, not only 
‘Ss it stim “20 a. iitv of of which must be carried for a given 
age, but = ake ai ry so much easier from those engines in which 
itis burnt, it apoare Gu reascmable size is likely to be satisfactory. 
Hydrogen; Auxilic tis 

Experin ‘nts made exper aental engine which had tour Tornado 
evlinders sh that inure? ced with th: air, ean be burnt with fuel 
oil in so hi, a proportion that a ie gas wh h becemes avatiable from the 

of oil in ve engines can be bu. , with of], in two er cines his effects a 
ing of about 20 per cent. of the u al required for give. p wei 
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It is co ivenient bere se ons, t ‘ > be itt 
recovery app iratus, an. \ 
proportion of steam and ec 

A necessary step in t che sig ound ty nf 
stopper to prevent the pa‘ igv ex} 
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It is, unfortunate! this ev 
protection for it + ily 

Its bas in st 
exacting tests v ha r 

The lat - pa ag ea deve opmerts whick, 
although th» nav. +i. much serime if preparatory to 


their eventuai inclusio. in. will vot be inv the first vital parts of 
the power installation have been thoroughly proved in flight. It is, however, 
correct to include them, because they have been kept clearly in view throughout 
the development and are definitely considered to be advances tending to improve 
the economy with which the airship will operate. 


Gaseous Fuel 


Though, not, in the author’s opinion, likely ever to be used in R.1o1, gaseous 
fuel should perhaps be referred to because it has been very carefully considered, so 
far as information was available, and has attracted considerable public interest. 

This fuel was discussed in the R.38 Prize Essay, which the author submitted 
in 1927. It has since been used in L.Z.127 on her trans-Atlantic flight. 

It is a mixture of hydrocarbon gases derived by cracking oil. It is probably 
very similar to the gas used for the illumination of railway trains and which is 
said to have contributed so much to the fire in the recent railway accident at 
Charfield. It is stored at atmospheric pressure in gasbags under the hydrogen 
bags. 

Very successful tests have been made at Cambridge with fuels of this general 
type and of densities both above and below that of air. Modifications have now 
been introduced which, in the author’s opinion, constitute very important advan- 
tages for the practical use of this fuel in an airship. 

Gaseous fuel undoubtedly gives greater power per unit displacement than is 
possible with petrol. 

As compared with the more efficient compression-ignition engine using heavy 
oil, this advantage almost, if not wholly, disappears, but gas still has the advan- 
tage that it can be burnt in normal aero engines as distinct from the heavier type 
at present necessary with heavy oil. 

On the vitally important point of safety it appears fairly certain that the fire 
risk connected with this gas is of the same order as that with petrol. The risk 
is far greater than that with heavy oil or with hydrogen. This is the conclusion 
reached in two quite independent investigations, while no evidence to the contrary 
has so far reached the author, who is most anxious to consider such evidence 
as can be obtained. 

The only serious disadvantage to the heavy oil system is the weight of the 
engine. That is likely to be greatly reduced by refinement of the present design 
and by the development of designs by other makers who realise the importance 
of using this safe and cheap fuel, not only in airships, but in all future commercial 
aircraft. 


Conclusion 
It is perhaps premature to describe the machinery installation of this airship 
before it has undergone the vital test of flight. 
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ditions of the first trials o earher airships. 

The delay has been unfortunate, but has not, i is subratte.., justified turning 
aside from what must be accepted as the safest system and eventually, perhaps, 
the most economical also 

The machinery insitatiation : 1d the work leading up to it have been devised 
and carried out by the Staff of .»e Royal Airship Works, who are content that 
acknowledgment should be made to them as a whoie, and ti. the author does 
with great appreciation. 

At the conclusion of the paper the author carried out experiments to demon- 
‘he fuel oil 


surface di ¢ 


strate how small was the risk of fire wher using 
He first plaved a Bunsen flame on the 
Some petrol was then poured into a metal tray and ignited, — rt 
ever, extinguished by fuel oil poured into the tvav. 
The author submitted that it was worth doing anything within reason to 
hasten the time when fuel oil of this nature would replace in all aircraft the 
petrol now used. 


antity of fuel oil. 


was, how- 


APPENDIX 
DRAFT SPECIFICATION 


t. Description.—The oil shall be free from solid impurities and water. 


to 


Viscosity.—The viscosity of the oil shall not exceed 0.26 poises at plus o°F. 
(—17.8°C.). This is equivalent to 120 seconds Redwood with a_ specified 
gravity of 0.870 at 15.5°C. (water at 20°C. =.o01 poise), 

3. Flash Point.—The flash shall be not less than 210°F. (g9°C.) when 

determined in the Pensky Martin apparatus. 

4. Sulphur Content. 


5. Free Mineral Acid. 


closed ”’ 


The sulphur content shall not exceed 0.5 per cent. 
The aqueous extract shall be neutral to methyl orange. 
6. .lsh.—The ash content shall not exceed 0.025 per cent. by weight. 
7. Asphaltic Matter.—The amount of asphaltic matter shall not exceed 1 per cent. 
by weight when tested by method described in appendix below. 
8. Cold Test.—The oil shall not cease to flow when exposed for one hour at 
10°F, (—23.3°C.) when tested by the method described in P.4. 
(Prov. Specn.) 
9. Hydrogen Content.—As water is to be recovered by condensation of the 
exhaust gas preference will be given to oil having a high hydrogen content. 


Method for Determination of Asphaltic Matter 

The oil shall be dissolved in yo times its volume of petroleum spirit 
(B.P.40°C. to 60°C.) and the solution allowed to stand for 24 hours. It shall 
then be filtered and the asphaltic matter on the filter washed with petroleum 
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spirit until free from oil. The asphaltic matter shall then be dissolved in 
benzol (Spec. 2D.10.) and the benzene solution evaporated to dryness in a 
weighted dish. The residue left on evaporation shall be regarded as the amount 
of asphaltic matter present in the oil. 


DISCUSSION. 

Mr. A. E. He was glad that the word ‘* Diesel’’ was not 
mentioned in the paper. The British have a national habit of giving credit to 
foreigners usually, and denying it to Britishers. The engines of the R.101 
constitute a normal development of the original Stuart engine, which was designed 
earlier than the Diesel engine. A difficulty with the airship engine is that it 


has to be a variable-speed engine, and has to run at any speed within its range 
for lengthy periods if necessary, and this is not the case with other aircraft 


engines. As all engines must have a crankshaft there must be vibrations, and it 
is necessary to provide some means of damping these vibrations. He had been 
concerned with engines of this type, which have run. satisfactorily in railways 
service for eight vears. The airship engine has to drive a propeller, which intro- 
duces still further difficulties, and he admired the way in which the problem has 
been tackled mathematically. Major Carter is to be congratulated particularly 
on having determined almost to a revolution the exact critical speed. A large: 


crankshaft is one solution, and about three vears ago, in the United States, a 
crankshaft was used for a straight-cight engine having a diameter three-quarters 


that of the cylinder, and experience has since proved this to be about right. 
The essential feature of the engine is the pump with its rapid action, for 
there must be rapid action to secure a wide speed variation of the engine, and 


easy starting. This engine is started easily, even at low speed, as is indicated 
by the small pewer required to turn it over. He was much impressed by the 


evaporative cooling results, and if fuel oil engines were used for motor cars. the 
same methods of cooling would have to be adopted. With regard to the exhaust 
boiler, he would point out that the greater the economy in the engine, the less 
the need for the boiler. Unless yo per cent. of the total heat used is ejected 
from the exhaust the boiler might not be worth while. In any case, the boilet 
has to be of special design, and that described by the author has given very good 
results. Good results were also obtained in other spheres with the Clarkson 
boiler. 

Captain Fk. Boornusy: Very necessary experiments are being carried out with 
a view to evolving a heavy oil engine suitable for use in aircraft, and when such 
engines have been evolved, weighing 4lb. per brake horse-power which will with- 
stand full-power trials for twenty-four hours, and when there is a propeller which 
will withstand ihe conditions, he would be strongly in favour of installing them 
in all airships, but to fit these heavy oil engines to an airship at the present stage 
of development and to send that airship into the air is to incur a grave risk. The 
engines of the R.tor were designed to give zoo b.h.p. maximum, presumably with 
a weight of 8ib. per brake horse-power, but in the last test the power developed 
was not more than 75 per cent. of that, so that the engine weight is increased 
to 12lb. per brake horse-power. Again, presuming that the engine on the centre 
line is the one 10 be used normally fer bringing the ship up to the mooring mast 
and to get the slipstream on the rudder, and that engine were to fail, the airship 
would be out of control when trying to moor. He was not suggesting that the 
experiments should not have been made, but that they should be carried out 
before the engines were fitted to the airship, not afterwards. It would be better 
to use well known engines of standard type, because it is important to the whole 
airship movement that this particular ship should be a success, and it is a great 
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pity to do anything which would be likely to jeopardise its success. The Atlantic 
flight of the Graf Zeppelin emphasised the need for swivelling propellers. He 
believed the Shenandoah was lost through lack of them, also the Italia and 
N.S.3, and that the Graf Zeppelin would be safer if so fitted. 


Mr. Cnortrox: Engines exactly similar to those of the R.1or have been 
running for three and a half years in railway service, and each engine has run 
nearly 200,000 miles. It is going rather far to say that they have not been tried 
out, because one knows of no other engine which has been tested so thoroughly. 


Colonel V. oC. Ricumoxp: We are told that because one cannot claim to 
have reached the high standard aimed at one ought not to try, but the people 
who have to fly these ships through the tropics would a thousand times rather 
fly them with the heavy oil engines, in spite of the difficulties to be contended 
with, than with petrol engines. The views of those who have to operate the 
ships must be considered. Dealing with the author's remark that the external 
shape of the car is fair enough, and its size small enough, to satisfy all but the 
most exacting aerodynamic enthusiasts, he would say that the diameter of the 
car is slightly less than half the diameter of the airserew, but that does not 
satisfy the aerodynamic enthusiast. He felt sure the author does not mean to 
suggest that the efliciency of the combination could not be improved by increasing 
the ratio of airscrew diameter to car diameter, but so much has to be put into: 
the car that one can do no better. With regard to water recovery, he was not 
prepared to go quite so far as the author has done in saving that ‘* What appear 
to be satisfactory means have been found for dealing with the dirt and acid in 
the exhaust.”’ Certainly a new system is being tested, but there is much to be 
done before it can be regarded as satisfactory. Referring to gaseous fuel, he 
would like to emphasise the author’s remarks with regard to safety. Gaseous 
fuel, to be economical and efficient, must have a density of something between 
50 and 100 per cent. of the density of air; he maintained that it is not a good 
thing to have the bottom half of the hull of the ship filed with this gas, and 
one must be careful not to adopt an arrangement which is far less safe than 
when petrol is used. With regard to the economy of the arrangement, one had 
not vet heard enough about the weight of the installation. On the face of it, 
it appears to be very nice to be able to say that there are no petrol tanks and 
double or sub-divided bags is a very serious item, 


t 
hat the gas is stored in bags, but the extra amount of fabric required to make 


Mr. BF. Hanbury Pace: With a view to making a comparison of the weight 
of the engine installation of the R.1or and the weight of the engine installation 
of an aeroplane, can the author give the weight of one of the actual cars? He 
would also like to ask what are the possibilities of producing heavy oi! engines 
at a weight of, perhaps, 2 or 3lb. per brake horse-power instead of 8lb. 

Engineer Captain Breman: Referring to the torsional vibration problem, 
when the engine was tried with the airscrew, did the air entrained by the propelle 
alter the moment of inertia to a sufficient extent to warrant this influence being 
taken into account when estimating the frequency of torsional vibration of the 
engine propeller system ? 

Mr. H. B. Vaytor: The method of starting the main engines by installing 
another engine means a good deal of extra weight, and the use of petrol, though 
the quantity carried may be small; this quantity is, however, considerably greater 
than that required only for the purpose of starting the main engines, as the 
petrol engine is to be used to drive dynamos and air compressors. The petrol 
would be carried in the engine car, where the greatest danger is likely to arise. 
\n alternative method of starting is to use an inertia starter, which is now being 
developed, particularly in the United States, combined with a hand priming 
device, so that the fuel system would be thoroughly primed ready to kick off 
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before the inertia starter is applied. That arrangement holds very great promise 
as a means of starting compression ingnition engines, one of which—not a petrol 
engine—carried on the body of the ship could be used for the auxiliary services, 
giving a considerable saving in weight. With reference to the steam or water 
separator, he would like to ask whether any considerable quantities of water 
are carried over with the steam into the main condensing ducts; that would 
involve the possible danger of denuding the engine of its normal water supply, 
because the ducting for the steam would be of ample dimensions. 


Mr. R. M’Kixxox Woop: He would have expected to have found between 


the engine and airscrew a reduction gear of about 2:1. The author has stressed 
the importance of airscrew efficiency in an airship, and stated that he was getting 
a very satisfactory airscrew efficiency. From the figures given, however, he 


thought the author was getting an efficiency of well under 7o per cent., when he 


might have obtained one of well over 80 per cent. with a reduction gear, 

(Commuaicated): The estimate of the efficiency of the airscrews was based 
upon the figures in the paper, viz., 75 m.p.h. and 1,000 r.p.m., which give an 
advance per revolution of only 0.41 diameter. Gearing would be used primarily 
to raise this to, say, 0.8, and so to reduce the loss due to the relatively high 
ratio of tip speed to forward speed. Secondly, it would reduce the further loss 
which is anticipated owing to the absolute value of the tip speed being rather high ; 
and thirdly, it could be used to raise the efficiency by increasing the mass of air 
dealt with; but one would not have expected the use of airscrews of much greater 
diameter if gearing had been incorporated. 

Professor B. P. Hata: Speaking as one who has investigated torsional 
oscillations in other cases, he believed that the trouble experienced in this con- 
nection in R.1o1 will certainly be overcome by the means proposed. Every engine 
shaft, together with the shafts connected to it, constitutes an elastic system with 
several natural frequencies corresponding to different * 
These frequencies can be calculated with fair accuracy, or can be found by trial. 


modes *’ of vibration. 


Two modes of torsional oscillation usually require to be considered, the 
primary—in which the two ends of the system oscillate in opposite directions 
and the secondary—in which the two ends turn in the same direction, opposite 
to the direction of the mid-part of the shaft. In marine propulsion, the primary 
mode is sometimes unimportant, as it is heavily damped by the propeller in water 
but it is necessary to keep below the higher critical speed corresponding to the 
secondary mode. 


The two critical speeds, and the phenomena in general, are perhaps more 
familiar in motor cars. The low primary frequency is that observed when a car 
slows down in traffic or on a hill until that ‘ surging ’? or ‘‘ labouring,’’ often 
experienced by drivers who are too slow in changing down, is felt, while the 
higher secondary critical is that experienced at much higher speeds, when the 
engine shaft oscillates severely, without unduly disturbing the road wheels or 
the body of the ear. 

In the engines of R.101, it appears that the primary mode of vibration has 
been the source of the trouble experienced. It is stated in the paper that a new 
engine shaft had been designed so very much stiffer than the previous one that 
the’? major critical speed would be well outside (he presumed above) the 
running speed; and, a little later, it is stated that it had been decided to fit, 
between the crankshaft and the airscrew, a spring coupling of stiffness so eal- 
culated as to bring the major critical speed far below the running speed. 
This sounds rather as if the author were administering a sedative with one hand, 
and at the same time a stimulant with the other: but the real meaning of the 
change is very different. By introducing the elastic coupling, the author would 
reduce the primary fregquency—that had given the trouble—well below the runnieg 
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range, and by stiffening the engine shaft, he would keep the secondary critical 
speed well above the running range, and also reduce the danger of ‘* minor ”’ 
secondard criticals which might be encountered at somewhat higher speeds, and 
had been found in some cases to be a real source of danger. The policy adopted 
by the author appears therefore to be an example ot admirable engineering 
judgment. 


The figure serves to contrast the main features of the two modes of torsional 
oscillation in a typical motor car shaft on direct drive. The first and third graphs 
represent the angles of oscillation at different sections along the shaft, while 
the second and fourth represent the variations of torque above and below the 
mean value. 

In the low frequency primary mode, represented by the first and second 
graphs, there is only a single ‘‘ node’? N—usually found in the propeller shaft 
or in the rear axle. All parts forward of this node vibrate clockwise when parts 
aft of it turn counter-clockwise, and vice-versa. In this primary mode of vibra- 
tion, the range of torque is only slight in the engine shaft, and much more severe 
in the propeller shaft and rear axle—near to the node. For this reason, drivers 
who do not change down until the engine begins to ‘‘ labour ’’ are more liable 
to experience troubles in the rear axle and differential, although they may not 
necessarily suffer any engine trouble. It is this critical that limits in_ practice 
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the slowest speed at which cars can run smoothly on direct drive. The critical 
frequency can be reduced by using a thinner propeller shaft or a heavier flywheel, 
wor even by loading the car. For one and the same shaft and flywheel, the critical 
revolutions are reduced by using a six-cylinder instead of a four-cylinder engine. 

In the high frequency secondary mode of vibration, now fairly well known 
in straight-six or straight-cight engines, there is little vibration except in the 
engine shaft \B. The flywheel B effectively limits the vibration in all parts to 
the rear, and the driver of the car seldom notices the small amplitude of the road 
wheels D, as this small amplitude is taken up by the tyres. The critical frequeney 
for this type of vibration can be increased by using a shorter engine shaft, or 
one of larger diameter. .\s the secondary frequency is high in short four-cylinder 
engines—and the engine impulses less frequent—the conditions for resonance are 
seldom reached in ordinary driving with four-cylinder engines. — But in six-cylinder 
engines and straight-cight engines, the working speed often runs through the 
critical, and dampers have to be fitted to mitigate the ill effects. In the secondary 
mode of vibration, the torque variation is most severe in the after part of the 
«ngine—near the node N—and it is hereabouts that fractures occur. Those who 
have experience in interpreting such graphs will recognise that the steep run 
of the amplitude graph in the engine shaft AB in the third diagram is a warning 
that minor’? as well as major critical speeds have to be considered in tnis 
case—particularly in six-evlinder engines. In most cars there is only one primary 
critical speed on each gear, but several secondary criticals. 

For practical purposes, in cars, there is no great error in regarding the 
primary mode of oscillation as confined to the flvwhee! B and the shaft BCD 
behind it, and the secondary oscillation as confined to the flywheel Bo and the 
engine shaft BA in front. This simplified picture of the action helps us to gain 
a first impression of the relation between the two actions, and to see, also, that 
the use of a heavier flywheel reduces both the critical frequencies—making the 
car easier to drive on top in traffic, but Hable to the secondary action at a lower 
running speed. 

Mr. A. BF. Evans: Is it not a fact that some cylinder trouble might be 
prevented incidentally by the method employed for starting small Diesel engines 


such as are used for vehicle work. The engine is cranked a few times with the 
valves propped open to allow of easy cranking, but at the same time the fuel is 
being sprayed into the evlinder, the result being that before ignition takes place 
the evlinders have been lubricated with petroleum having a flash-point of about 
200°F., which may be considered quite a reasonable ** Upper Lubrication.” 

Another feature is that with the Diesel the crankcase oil is free from dilution 
by distillates from the petrol. 


REPLY TO DISCUSSION 


Wing Commander Cave-BrowNxr-Cave, in replying on the discussion, said: 
\n engine with eight cylinders in line must have a comparatively long shalt, 
and if the strength of the shaft were made no greater than necessary to. provide 
for the normal torque fluctuation, it would have a low torsional period likely to 
come within the running range. Of the final weight of the ‘Tornado engine, 
perhaps 20 per cent. is due to the various measures introduced solely to overcome 
torsional resonance troubles. In a well-known twelve-cylinder Vee engine of 
about the same power, there appears to have been no increase of weight for a 
similar reason. 

The difficulty of torsional resonance is not really serious, once it is realised. 
J do not think the work of Major Carter had been fully appreciated, but as the 
result of that work we can now predict with extraordinary accuracy, from the 
drawings of a crankshaft, what its dangerous speed will ‘be. The design can 
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then be dealt with by perfectly well-recognised methods, so as to bring the 
dangerous speed where it does not matter. In my view the problem of torsional 
resonance has been placed on a thoroughly sound basis. 

I agree with Captain Boothby, that longer engine trials on the ground would: 
have been desirable, but as that had not proved possible, it is better, particularly 
if the long view is taken, to use the compression ignition engines in their present 
stave than to accept the delay of building new units for petrol engines and 
surrender the whole of the safety connected with the use of heavy oil. Many 
engine failures, at any rate one at a time, can be accepted, but one bad _ petrol 
fire would be conclusive. 

The engine weight quoted as about 8lb. per brake horse-power is based on 
the continuous full power which the engines actually develop. 

The starboard forward car would contain the ‘* astern’? engine, and would 
exert very littke moment to swing the airship. The centre line car must at low 
speed be available to give an air stream over the rudder. 

The mechanical difficulties and the weight of swivelling airscrews are not, 
in my opinion, justified by the very occasional benefit which can be derived from 
them. If LZ.127 had had swivelling airscrews on the occasion to which Captain 
Boothby referred, it would probably have been safer to continue to use them 
ahead and thereby maintain the dynamic lift) than to use them vertically, and 
risk losing the dynamic lift and the controllability of the airship. 

I cannot accept Mr. Chorlton’s protest against Captain Boothby’s sugges- 
tion that the engines are comparatively untried. The engines, which Mr. 
Chorlton has run so satisfactorily, differ from the airship engines so much as to 
render the comparison of little value. 

In reply to Mr. Handley Page, the weight of the complete unit is scarcely 
relevant, because it includes apparatus for driving auxiliaries. The weight of 
the car structure and fairing is about 650lb., or, say, 13 per cent. of the main 
engine and airscrew. 

The engines are controlled by an engineer on watch in each unit, who carries 
out orders transmitted by telegraph. 

As to the possibilities of a lighter engine to burn this fuel oil, I expect that 
details of an engine weighing less than 3Ib. per brake horse-power will be pub- 
lished shortly. 

In reply to Engineer Captain Beeman, by comparison with the other rotating 
masses the moment of inertia of the airscrew is so large that any virtual increase 
of its mass would have no practical effect. The elasticity of the blades and the 
movement of the air possibly give rise to some damping effect. 

I agree with Mr. H. B. Taylor that centralised auxiliary engines and elec- 
trically-spun inertia starters for the main engines are a very attractive combina- 
tion. The present petrol engines are purely a temporary expedient, and will be 
replaced by the compression ignition engines at a very early stage. 

The quantity of water carried over as liquid to the condensers is very small. 
The volume of steam in the engine varies with the heat flow, and therefore with 
the power. It is therefore inevitable that some water must be discharged when 
the brake horse-power is increased. This consideration necessitates a reserve 
water tank rather than a separator. 

In connection with Mr. M’Kinnon Wood’s suggestion that the airscrew 
efficiency could be increased by gearing withou. greatly increasing the airscrew 
diameter, previous proposals to use gearing, although they promised improved 
efficiency, included larger airscrews, which involved greater weight and longer 
engine car suspensions, both of which are objectionable. 
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Professor Haigh’s remarks summarise exactly the torsional resonance situa- 
‘tion of the main engines. 

I have stated that the fuel oil is not expensive. As compared with aviation 
petrol at £25 per ton, it costs about £5 per ton. Assuming that the petrol 
engine burns to 0.55lb. per brake horse-power per hour, as compared with the 
oil engine burning 0.385]b. per brake horse-power per hour, and that the densities 
are 0.76 and 0.87 respectively, the following interesting comparisons can be made 
for a given number of brake horse-power hours :— 

Petrol. Fuel Oil. 
Cost of fuel is in ratio 14 
Volume of fuel is in ratio ... 
showing not only a very attractive reduction in fuel cost, but a reduction in the 
size of fuel tanks which the aircraft constructor would appreciate. 

Colonel L. Fk. R. FELL (communicated): The statement that gas fuel is equally 
idangerous from the point of view of fire as is petrol is difficult to accept. With 
petrol, the great danger is that the complicated pipe system necessary to admit 
of the fuel being moved rapidly from one part of the ship to another for trimming, 
means almost for certain small unavoidable leaks and, in consequence, the 
presence of petrol vapour in large quantities in the keel, immediately below the 
hydrogen containers. The oil gas is slightly lighter than air, and it is difficult to 
appreciate why a gas bag filled with oil gas, which will burn over a compara- 
tively narrow range, and which displaces a gas bag filled with hydrogen, which 
will burn over a very wide range of mixture strength, can possibly increase the 
danger from fire to the airship. 

Mr. D. D. BorLann (communicated): The author describes an interesting 
scheme for cooling the air in the engine by drawing the whole of — the 
air for combustion through the crankcase, but says that the idea was abandoned 
owing to the possibility of an explosion being caused by a flame from an open 
inlet valve, though in other respects the plan was quite satisfactory. No doubt 
the author has given consideration to an obvious remedy for this. difficulty, 
namely, the use of wire gauze on the Davy lamp principle, but one would be 
interested to learn what were the objections he found. 

A similar problem occurs on the ordinary two-stroke engine using crankcase 
compression, except that instead of there being only a possibility of an explosion 
in the crankcase it is almost a certainty. On the Trojan two-stroke engine. 
it has been found that a nest of four gauzes, placed adjacent to each other in 
the induction passage, prevents base-chamber firing absolutely, while they run 
for long periods without clogging or sooting up. 

Colonel A. E. DAvipson (communicated): Despite some criticism which has 
been made as to the use of compression ignition engines he was very vlad, 
from the army point of view, that their use should have been proceeded with, 
as the army also are extremely interested in obtaining engines of this type which 
will free them from the risk of fire. 

He would like to join Mr. Chorlton in his comments regarding the nomen- 
clature of these engines. It does seem as though the name is an exceeding] 
good one because it brings out their principal feature, namely, that ignition is 
brought about by the heat of compression, and this was a feature exploited at an 
early date in British made engines of the Hornsby-A\kroyd type. 

On the question of accessibility of engines and the size of their gondola, 
lorry makers are now designing engines for use in forward-control chassis where 
all the auxiliaries are on one side, and no access is permissible to the other 
side of the engine. He suggested that in future engines and gondolas it might be 
worth investigating this feature with a view to diminishing the width of the 
gondola by doing away with the ‘‘ cat walk ’’ on one side. 
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Speaking as a mere landsman, the whole installation is a tremendous lesson 


in relativity. The complete engine gondola seems to be such a small unit to 
control such an enormous vessel. The author, too, by what he does not say 


leaves much to the imagination regarding the other features of mechanical engi- 
neering, by which alone the design and construction of such a vessel is possible. 

To one used to the difficulties met with in the very short fuel, lubricating 
oil and water services on motor vehicles, the extraordinary lengths of piping 
required in an airship for these services fill the landsman with alarm. 

The suggested method of cooling the lubricating oil, namely, by taking 
the air of combustion through the crankcase, seems to be rather a dan- 
gerous practice owing to the possible contamination of the oil by impurities in 
the air. In tropical lards the dust is caried up to a great height, and it might 
be difficult to filter the air properly. He thought that it would be sounder to take 
incoming air through nests of tubes passing through a lubricating oil tank. No 
risk of explosion could thus arise. 


Mr. SPANNER (communicated): The plea is advanced that the adoption ot 
heavy oil as fuel is of most extraordinary importance, from the safety point of 
view. 

One was not greatly impressed by the demonstration given by Wing 
Commander Cave-Browne-Cave of the non-inflammability of the new heavy oil. 
The two experiments he performed, one in directing a flame against the surface 
of a vessel containing the new oil, and the other in using a volume of new oil 
to put out a tray of Haming petrol, are both of them of the nature of conjuring 
tricks. 

Everyone knows that heavy oil will burn and burn fiercely and freely if it 
has a wick. It is also the case that spectacular experiments can be performed 
with even light oils might give the unscientific onlooker the impression that he 
was witnessing a phenomenon. 

The whole question of the value of the safety advances made in the adoption 
of heavy oil for the engines of R.1o1 is concentrated in the one fact that heavy 
oil does not evaporate at sufficiently low temperature to give off an explosive 


gas, under the normal conditions R.1o1 is likely to encounter. If this oil did 
lash at a low temperature then there would be danger that a spark might cause 
an explosion which would result in a fire. An explosive mixture of evaporated 


‘ 


gas quickly forms what has judicially been termed a ‘* seed of fire.’’ No argu- 
ment is required to establish the fact that if a fire is once started in an engine 
ear of R.rot, or in the vicinity of storage tanks of the heavy oil being used in 
the ship, this oil will undoubted burn, and burn very fiercely. Many such fires 
have had to be dealt with in ships. Recently a Court of Inquiry has delivered 
judgment on the extremely serious fire which took place in the ss. Carmarthen- 
shire, when burning heavy oil fuel defied for a long time all efforts to put it out. 

The question to be answered by the designers of R.tot is, ** Have you 
entirely eliminated the risk of gaseous explosion in the engine cars of R.1o01 
by the adoption of heavy oil fuel?’’ The answer is ** No *’—because in the 
same engine cars as accommodate the heavy oil engines there are small petrol 
engines, and a small petrol tank storage for driving those auxiliary engines. 
The gas from this petrol tank and engine in so confined a space, may easily 
provide the much dreaded seed of fire,’’ and a fire, once started, would feed 
ravenously upon the heavy oil being used for the main engines. 


oe 


The Main Engines.—Such troubles as have been experienced with these are 
neither of a novel type nor troubles presenting insuperable difficulties. One has 
every belief that heavy oil engines of the Tornado, or other type, will eventually 
be designed and built to run satisfactorily at a low consumption and at a low 
weight per b.h.p. One cannot agree, however, that these engines are ever likels 
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to be as light as petrol aero engines, for reasons fundamentally concerned with 
the principles of operation of this type. 

It is extraordinarily interesting to note that the need for all elaborate experi- 
mental work on variable pitch airscrews has arisen because the mooring of rigid 
airships to masts has at last been recognised as presenting serious difficulty. 
No other rigid airship has ever had variable pitch airscrews. Why R.io1? Is 
it because the Air Ministry are nervous about handling her to a mooring: mast? 
At any rate the position is that although so much work has been done and 
money spent on elaborate experiments, the variable pitch gear invented by ‘Air 
Ministry experts has not vet been really satisfactorily tested. The hollow pro- 
pellers have failed, solid ones cannot be fitted vet for reasons concerned with 
weight and strength, and R.1o1 is to be sent into the air with five engines 
only four of them, howe vcr, lo iY ised for qoing ahead. One ol the engine 
cars is so much useless weight, so far as driving the ship from point to point is 
concerned, but it is necessary because its engine is essential to drive an “* astern? 
airscrew when the ship is coming to a mast. 

The author says the thrust wire bearing necessary to enable the power car 
to sustain a heavy load, ** even when the airship ts pitched steeply down and the 
engines are developing full power’? has proved entirely satisfactory undei 
large over loads and under prolonged test at normal load.”’ 

It would be interesting to know how those tests were applied, since one 
understands the engines have never yet been run in the car to develop full power. 
Incidentally, it is interesting to note that it is now accepted that airships have 


to fly ** pitehed steeply down ** and with their engines developing full power. 


Kraporative Engine Cooling.—This is admitted to be in a state in which 
dependence cannot be placed upon fabric duct’? cooling. One anticipates 
many dithculties in using ** fabric ducts.”’? However, money has been spent on 
preliminary ‘* fabric duct’? experiments, although in R.1o1 radiators are to be 
fitted, 


Phe use of steam-heated air for warming the passengers’ quarters is likel 
to prove extremely uncomfortable for the passengers, if ship expericace is anv- 
thing to go by. Why does Commander Cave say that this ventilation ‘* radiator 
will not be Hable to freeze ?”’ 

Pwo different types of exhaust boiler have been invented and tried, neithes 
f which is now to be fitted One of these designs was admittedly a ‘* wash- 


out. One's own experience of waste heat boiler work convinces one that the 


other, of which drawings were shown, would have proved entirely useless in 
practice, although Wing Commander Cave-Browne-Cave reckons it) a success. 
Commander Cave is obviously not at all worried by financial considerations, and 
Iking cutting the boiler shell to pieces in order to 


1 4] 
proved 


us by calmly ta 
inspect it,’ and then welding new parts in. The decision that stainless steel 


} 


was to de used In su sequent boilers Lo avoid the SCrIOUS COrrosion eXpe rienced 


in this ** satisfactory "*(?) design, was apparently taken quite light-heartedly. 
Cost means nothing at all to Air Ministry experts. It certainly is time the 
taxpayer woke up. 

extravagance apart, this satisfactory(?) design would fail after a very short 
time in actual use, for reasons which any one of two or three reputable waste 
heat boiler firms would no doubt be pleased to advise the Air Ministry, 

Sir Samuel Hoare told the Dominion representatives in 1926 that it would 
take 60 hours to get to Egypt. Wing Commander Cave-Browne-Cave has stated 
that the R.1o1 will be equipped with four ahead engines developing a continuous 
full power of not more than 2,340 b.h.p., although this is only about two-thirds 
the full power originally estimated for the ship. Certainly one would think that 
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with am, ahead power of only this amount, the speed of the airship would naturally 
be slower, and there would be no possible chance of the vessel reaching Egypt 
in less than 60 hours. Yet Commander Cave-Browne-Cave states that the whole 
of the arrangements made with regard to fuel supply and so on are on the basis 
of only a 50 hours flight. 

Discussing the fuel storage system, Commander Cave even cuts this 50 hours 
to 40 hours, and suggests that R.1o1 will attain a speed of 76 miles an hour 
against an average head wind of 15 miles an hour and get to Egypt in 4o hours. 
One would be glad if Commander Cave would explain exactly how far R.1o1 is 
expected to get in 50 hours, and the ahead h.p. and air speed she must develop 
to cover this distance. 

It appears astonishing how little space is available in the engine car ol 
R.1o1 for the engineer. These engine cars appear nothing more nor less than 
death traps. There is no more than room for one man to move about. To 
describe the engine as accessible is sadly to strain that word. 

In each engine car there is to be, one undertsands, a heavy oil engine, a 
small petrol engine, petrol tank and other small auxiliary engines. The shape 
and construction of the car and its immediate proximity to the airscrew, seem 


to ensure the engineer an extremely uncomfortable watch. Further, one doubts 
the possibility of ventilating the car sufficiently well to obviate any danger of the 
engineer actually being poisoned by fumes from the engines. In marine work 


certain amount of trouble has been experienced owing to poisoning of engi- 
neegs in quite large engine-rooms, in which one would hardly anticipate an: 
such trouble. The lot of the engineers of R.1o1 will certainly not be an enviabl 
me. Should a man collapse in an engine car it is going to be a difficult job 
first of all to yet knowledge of his collapse, and secondly to save him from 
asphyxiation, 
Since the car has not been tested with the engine developing more than 
75 per cent. of its full power, it is impossible to express any satisfaction that the 
arrangements made will prove adequate. 

The compressed air system, for moving fuel and water, has decided Jimita- 
tions. The process of moving fuel by compressed air through small 2in, pipes 
ever considerable distances will take quite an appreciable time. There is) no 
possible chance that any such svstem will help to minimise the movement. o! 
the airship when she is caught in a storm, while of course it will not have the 
slightest effect in simplifving the work of the pilot, when he has necessarily to 
fy his ship pitched in order to obtain dynamic load or lift. 

The arrangements for the emergeney discharge of fuel are interesting. 
Apparently considerable attention has been given this problem, although one can 
hardly congratulate aeronautical experts on overlooking the necessity of providing 
a sufficiently large vent in their first experimental tank. The precaution was so 
ementary. 


One cannot share Commander Cave’s optimism that the stream of fuel will 


all completely clear of the airship envelope, as one is inclined to believe that 
the downward movement of the airship itself, at such times as called for the 
use of emergency ballast, will be so rapid as to result in the airship actualls 
passing through this thunderstorm of oil fuel drops to which Commander Cave 
refers, 

\s fuel oil stains spread rapidly, are extremely corrosive in effect and difficult 
to remove, one may expect the envelope of R.1or to suffer severely the first 
time oil fuel has to be dropped in real emergency. : 

There are, of course, many special pipe joints on the market, and the one 
referred to by Wing Commander Cave-Browne-Cave presents no very exceptional 
features. One notes it has been tested under 24 hours of rapid vibration, but as 
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this is hardly the type of experience most like’ severely to test the oil-tightness 
of the joint, the results are not convincing. 

As a matter of fact this 1,500ft. of piping system will be called upon to 
‘ give and take ’’ with the movements of the airship skeleton, and a proper test 
of the oil-tightness of these joints should include straining of this character. 

Experience with ship work, in which liability to pipe strain is less than it 
will be in R.101, leads one to anticipate that trouble will certainly be experienced 
with leaky joints after the first half-a-dozen long-distance flights. 

It is something of a paradox that while the Air Ministry should be making 
so great a feature of the safety of the heavy oil engine, they are satisfied to 
allow the whole safety of the passengers and crew to depend upon so inflammable 
a gas as hydrogen. A somewhat curious position is reached in which the 
Americans are satisfied to use petrol for their engines, but insist upon having 
helium as the lifting gas, while the Air Ministry are satisfied to have hydrogen 
as the lifting gas, but insist upon having heavy oil engines in the engine cars. 

The term * safety,’’ of course, is relative in any case and there are many 
people who consider the word safety used in reference to rigid airships to be 
quite out of place. 

In replying to the written communications, Commander CavE-BROWNE- 
Cave wrote: On the question of gas fuel raised by Colonel Fell, I consider 
that the likelihood of leakage of fuel gas from its storage system and mains 
is about equal to the likelihood of leakage of petrol. The limits of explosive 
range are about the same. 


It must be remembered that over the lower surface of a hydrogen gas- 
bag the internal pressure is usually less than the external, so that through 
any hole gas would not tend to pass out and reach a source of fire outside, 
but air would tend to pass inside, where there would, presumably, be no 
source of ignition. The danger from any small hydrogen leak is small because, 
although the limits of explosive range are wide, the speed of dissipation is very 
rapid. 

In so far as reference to the Charfield railway disaster is relevant at all, 
! understand that the seriousness of the fire was due to the release of large 
quantities of inflammable gas rather than to the number of exposed sources 
Of 1g¢nition. 

Colonel Fell appears to have overlooked the experimental work which has 
heen done to arrive at the fuel oi] specification for Riot. There appears to be 
little difference between one oil and another so far as use in the cylinder goes. 
Phe discriminating factor is the compromise between high flash-point, as con- 
trolling safety from fire, and low setting point, as’ controlling flow at low 
temperature. This has given rise to very careful consideration and a good deal 
of practical experiment. 

Mr. Borland suggests that gauze should be used to prevent the passage 
of flame through the oil cooler. | gauze diaphragm has been used, but 
it was of large area to avoid restricting the flow of air, and might therefore 
ave involved considerable weight if it had to be strong enough to resist damage 
hy explosion. 

Colonel Davidson’s suggestion that all parts which might require atten- 
tion should be confined to one side of the engine would give less advantage 
than he anticipates, because, unless the car is symmetrical about the airscrew 
axis, the propeller efhiciency is considerably reduced. 

Dust in the air over the desert is certainly a potential disadvantage to the 
crankease oil-cooling system, but, perhaps, not a very serious one. The oil 
radiators used afford in a given space a greater cooling surface than could 
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easily be achieved in tubes through an oil tank. That surface is, however, small 
by comparison with the 1oo sq. ft. available, gratis, inside the crankcase. 

Mr. Spanner’s contribution, especially in its unabbreviated form, contained 
points of which some were scarcely pertinent and others could be answered by 
reference to the text. 

It illustrates the danger of misunderstanding, which is incurred by describing 
anything before it has been wholly proved successful. 

Mr. Spanner’s remarks about the fuel oil are based on his assumption ‘‘ if 
the oil did flash at a low temperature.’’ It does, however, not do so. The 
experiment shows that the fuel oil cannot at atmospheric temperature be ignited 
by the application of a flame, and is, therefore, much safer than petrol. The 
same thing could have been done with parathn lamp oil at atmospheric tem- 
perature. If, however, the fuel oil had been in contact with the surface of a 
water-cooled engine, it would not have been ignited by a flame, the paraflin lamp 
oil would, at that temperature, have been giving off gas so rapidly that it could 
have been easily ignited and would have burnt freely. 

The author does not agree with Mr. Spanner that under the conditions 
existing in an engine car fuel oil, when once ignited, will burn fiercely. His 
comparison with boiler-room oil fires is not wise, because there the oil is pre- 
heated in special heaters to well above its flash point, and the boiler fronts 
have large surfaces at temperatures far above the flash point of the oil. These 
may cause any escaping oil to give off vapour rapidly, and therefore to burn 
fiercely. There is, however, in the airship engine car nothing corresponding: to 
these hot surfaces or to the wick which Mr. Spanner proposes. The oil is 
not pre-heated. 

The petrol auxiliary engines are purely a temporary expedient, but do not, 
as they are installed, constitute a serious risk of causing a fire which could 
extend beyond the particular engine car or persist for more than a very short 
time. 

The primary reason for the variable pitch airscrew is to provide the astern 
thrust, which has proved necessary in previous rigid airships, whether landing 
to a ground party or to a tower. 

The thrust wire bearing was tested by the application of an external load 
equivalent to the tension in the wire under extreme conditions. The engine 
could not be run at more than 75 per cent. of full speed, but as there was no 
appreciable rise of temperature, it is probable that the bearing will be satisfactory 
in flight. Each bearing will, however, be tested at full load and speed, as 
each power car does its acceptance test. 

The passenger heating radiator is unlikely to freeze, because under cold 
conditions it will be so far drawn within the hull for heating purposes. 

The reason for developing a special exhaust boiler is that the weight and space 
available are less than would accommodate a boiler of commercial type. The 
increased cost of material, if stainless steel had been used, would be £317 10s. od. 
per boiler. The cost of the 16 sq. ft. section of plate to replace that cut 
out for examination would be 2/6d., if stainless steel were used. 

The time taken on the passage to Egypt depends upon the route followed 
and an the wind. Taking the longest of the three routes which have 
been examined, and assuming a contrary wind of 15 miles/hour over the 
whole of this route, the time taken with five engines ‘ be 46 hours and the 
fuel burnt 24 tons. If, however, four engines only are © +d, the time taken will 
be 52 hours and the fuel burnt 22 tons. 

Practical experience during the tests of the engine car has shown that there 
is no lack of ventilation. 
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Mr. Spanner’s suggestion that the airship will be driven down through 
the ballast she has discharged, appears ill founded. If the airship is being 
driven down, the air which is driving her down must presumably be moving 
downward relative to her and will cause the discharged ballast to fall away 
more quickly than it does in still air. 

The vibration test of the pipe joints exposed them to internal pressure, 
longitudinal tension and bending. The meaning of Mr. Spanner’s ‘ loose ”’ 
term, ‘* give and take,’’ is not clear, but the effect is perhaps covered by the test. 

Mr. Spanner draws attention to the fact that America uses helium and 
petrol engines while the Air Ministry have expended much effort to develop 
heavy oil engines, but are satisfied with hydrogen. 

The author understands on excellent authority that America will adopt a 
heavy oil engine for airships as soon as a_ satisfactory engine of that type 
is available to them. 

The only practicable supplies of helium are at present under American control. 

Mr. Spanner refers to items, already available from commercial sources, 
which would have avoided the cost of experimental work. If he will examine 
each of these in comparison with the corresponding item described in_ the 
lecture and will send in particulars of those which he really considers preferable 
for airship service, their suitability shall be carefully compared. 
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PROCEEDINGS 


SEVENTH MEETING, First Har, 64TH SESSION 


In the Chair: THE PRESIDENT, COLONEL THE MASTER OF 
SEMPILL 


SOME ASPECTS OF THE PRODUCTION PROBLEM _IN 
AIRCRAFT 


BY 


F. SIGRIST, M.B.E., A.F.R.AE.S. 


The above meeting of the Royal \eronautical Society was held in’ the 
rooms of the Royal Society of Arts, John Street, Adelphi, W.C.2., on Thursday, 
November 29th, 1928. 

The Presipent: The technical aspects of the production of aircraft were 
of considerable importance because, from whatever point of view one regarded 
aireraft, economical and = rapid production were essential. Mr. Sigrist is a 
Director of the Hawker Engineering Co. He was associated with Mr. Sopwith 
as far back as 1gi0 and had been intimately connected with the affairs ol 
the Sopwith Company—particularly the technical affairs relating to design and 
construction. He had been responsible for the design of one of the first British 


machines to win the Schneider Trophy. His wide experience would enable him 
to speak with special authority on the technical aspects of the production of 
aircraft. The Society was particularly glad to welcome Mr. Sigrist as a lecturer 


for the first time before them. 

Mr. Srarisr: The use of the word ‘* Production *’ in connection with aircraft 
to-day is almost a misnomer, as circumstances are such that aircraft (and where 
throughout this paper I use the word aircraft, I refer to the structure and 
equipment minus the engine), are constructed rather than produced, 

The industry works under conditions peculiar to itself, and whereas the 
mention of production in connection with kindred trades usually implies close 
association with the word ‘* mass,’’ I prefer to regard the term when applied 
to aircraft to mean the economic utilisation of space, men and material. It 
may be that in the distant future our output will be comparable in value if 
not in numbers with that of the motor trade, but I am afraid I shall not be 
a participant in those halcyon days. The ever present problem is not exactly 
how to produce aireratt, but how, under present conditions, to produce on an 
economic basis. 


I do not propose to describe in detail the various processes entailed in 
constructing aircraft, as that is a subject which can only be adequately dealt 
with at length, but my object is to discuss in broad terms the question of 
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production as applied to aircraft, and endeavour to explain some of the difficulties 
in connection therewith. 

If I occasionally digress or approach the sacred realms of the designer, 
it is by way of explanation only. It is an economic axiom that the full benefits 
of output are only realised when there is a steady flow of work over a period. 
Owing to the vagaries of the Air Ministry, bad luck, dud engine, or unforeseen 
circumstances according to the individual opinion, the unfortunate constructor 
is seldom able to benefit by such a period. For six or nine months he may be 
very busy, even working overtime, and then finds a sudden slump. In other 
words his year is made up of a period of high peaks and depressions, a factor 
which bears an important relation, among other things, to the price question. 

In the construction of aircraft no less than sixteen distinct classes of craftsmen 
are employed. This is apart from the technical and administrative organisation, 
and to weld such a widely separated group of labour into a productive unit 
is in itself no small achievement. Roughly speaking, 45 per cent. is skilled 
labour, 35 per cent. semi skilled, and 20 per cent. unskilled, but it is necessary, 
no matter what his degree of skill at his particular calling may be, for the 
newcomer to the aircraft trade to receive instruction to some extent. The labour 
position, therefore, is one needing continual thought. The constructor during 
periods of slackness, usually endeavours to retain the nucleus of his skilled 
complement, and work restricted hours, but this is not a satisfacory proceeding 
inasmuch as the better class of men invariably look for a situation in a more 
stable industry. It is a perturbing feature of the production problem, as once a 
man leaves the industry he loses touch with developments. 


1 will deal firstly with the question of experimental production. [think 
it will be generally accepted that experimental work is a costly and long drawn 
out process. Partly this is due to design delays, to a lesser extent to material 
delays, and to a greater extent to alterations in specification requirements. At 
the same time it is possible to cut down experimental costs by the exercise of 
a little care. Drawings should be issued in such a sequence as to ensure that 
under reasonable circumstances there will be no delay in assembly through 
non-manufacture of components. Once a_ skeleton structure is erected, the 
progress of the detail lay-out is facilitated. I endeavour to obtain drawings of 
experimental machines in the following. order :— 


(a) Fuselage. 

(6) Main planes and centre section. 
(c) Engine mounting and bulkhead. 
(d) Tanks. 

(e) Flight controls. 

(f) Tail unit. 

(g) Undercarriage. 

Cowling is a job which is always carried out better on the machine rather 
than to drawings, and the disposition of the equipment and other details can 
always be simplified when the actual structure is available. To progress experi- 
mental work is difficult unless there is a deviation from the usual routine. 
I find that the most successful method is to make one individual responsible. 
He can be on either the works or drawing office staff, and it is his duty to 
receive drawings, check material quantities, requisition any required, and follow 
the job to its conclusion, dealing in his capacity as liaison between design 
and manufacture, with all queries as they arise. This liaison, if properly carried 
out, can be of invaluable assistance. 

The man engaged on experimental work should be a capable craftsman, 
and preferably one with more than a superficial knowledge of aircraft. The 
foreman should be capable of positioning fairleads and other details without 
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reference to the designer, and should be given a certain amount of latitude 
in dealing with cowling arrangements and the like. It is not advantageous 
to carry out experimental jobs on a piece work basis, and it is better to 
offer an additional inducement in the shape of an ability rate or experimental 
bonus. Lack of material is a common cause for delay, and whilst at times 
it may be unavoidable, a little thought on the part of the designer in the 
selection of sizes and specifications would be of assistance. 

The liaison officer, on receipt of drawings, should extract material quantities, 
ascertain what is available from stock and earmark accordingly. If the material 
to be ordered is of such a nature as to cause delay it is worth while endeavouring 
to effect a compromise with the design side whereby stock, or material which 
is available immediately, can be substituted. There is no gain in over ordering 
material for experimental work, as although one naturally endeavours to use 
parts which have previously been made, the scope is somewhat limited, and 
the inevitable result is that in time there is an accumulation of short ends 
and pieces for which there is no economic outlet. Collaboration between the 
design and experimental departments on the material question may result in 
the laying down of certain standards which will result in economy. lor instance, 
I have found that there is an appreciable saving in the use of stainless steel 
sheet (D.T.D. 42H. or D.T.D.57) as a substitute for high tensile sheet (S.4) on 
fuselage and wing fittings purely on the heat treatment question, © Duralumin 
tubing for ribs has proved costly and difficult to obtain even when required 
in quantities, and it is cheaper to design for strip, despite the additional cost 
of rolling or drawing to section. 

It is essential to complete experimental machines in every detail at the 
works before sending for test. Costs amount at an alarming rate when outside 
work becomes necessary, and precautions must be taken to keep in touch with 
all that is being carried out. During progress of the work the liaison officer 
keeps all data, so that in the event of a further order any snags which have 
occurred can be rectified or discussed before the issue of production drawings. 
The difficulties to which I refer under the heading of ‘* alterations or modifications 
in specification requirements '? are difficulties with which most of us are only 
too familiar. I cannot offer a solution of this problem. J can only sympathise 
and say that as modest laymen we cannot be expected to understand the con- 
siderations of high strategy and tactics which dictate these requirements and 
any criticism would therefore be ambiguous. 

When an experimental type is accepted for service the question of production 
procedure calls for consideration. It is impossible to lay down hard and fast 
rules as so much depends upon the individual concerned, the type of machine 
and quantity ordered. The constructor should endeavour to ensure an even 
balance throughout the whole of his factory so that starting from the raw 
material stage each section completes its quota of finished components in time 
for the erection to commence and carry straight on until the order is completed. 
I regret to say that this ideal is seldom attained. Service modifications. internal 
alterations, and delays in obtaining supplies of material are responsible for the 
majority of failures. Naturally the question of balance in departmental output 
is an administrative one, but it is to some extent swayed by the manufacturing 
methods adopted. 

Before the issue of production drawings there should be a discussion between 
all concerned, and it is at this discussion that the data in possession of the 
liaison officer will prove useful. Wholehearted collaboration and constructive 
criticism help considerably towards rapid and consequently economical production, 
and the time spent in settling the main layout is amply repaid. The actual 
responsibility for the administrative organisation is of course a question for 
each firm to consider from its own viewpoint. For my own part I regard 
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the planning department, under which come the progress and ratefixing sections, 
as the hub of the works. Their duties commence with the receipt of drawings. 
From these they extract material quantities and requisition to the stores. They 
process operations and plan the issues of orders to the shops, decide the number 
and design of jigs and tools, fix piece work prices and progress to the scheduled 
requirements. Every alteration or modification must pass to the works via 
this department, and they deal with any queries which arise. By this means 
the foreman and chargehands are relieved of the routine work, and are free 
to devote their energies solely to the question of output. Efficiently run, this 
system is economical and simple, and although in actual practice the scheme 
does not always function to schedule, the fault is mainly through modifications 
and scrap. 

The question of output is to a large extent bound with that of design 
and we all hold more or less very decided opinions as to the best method of 
design for production. Personally 1 am not prepared to advocate any particular 
system as outstanding, but I do believe that cach individual type of machine 
requires considerable thought from entirely different viewpoints when being 
detailed for production, ¢.e., the purpose for which the machine is required must 
to a great extent decide the main constructional features. The detail, however, 
invariably offers some measure of scope for design purely for production, and 
this opportunity is not always appreciated. In some cases there seems to exist 


what might be termed a ‘‘ machining complex.’’ In other words there seems 
to be a feeling that machine shop work is expensive and uneconomical when 
compared with sheet metal work. It is almost entirely a fallacy, but each case 


must, of course, be judged on its merits. 


Where a machined part can be substituted by a pressing, then do so, but 
if the choice lies between a complicated plate fitting and a machined part 
it is usually advantageous to use the latter. Particularly is this the case where 
drop forgings can be utilised, as providing the machining layout is suitable, 
costs, despite the addition of tools, will be comparable, and the job will be 


infinitely better. A) piece work system should be applied to all production 
work as apart from experimental. It is welcomed by the men, and if run on a 
proper basis stimulates output. In the actual manulacturing processes, the 


proportion carried out by skilled and semi-skilled labour depends the 
extent to which jigs and tools are utilised, and this is a factor for consideration 
when deciding what are to be made, i.¢e., an increased expenditure on tooling 
may save much more than a corresponding amount on construction costs. 


In the material field there is a very wide scope for selection, and con- 


sequently opportunitics to economise. It is advisable to adhere to material and 
sizes which are available from stocks or which can be obtained quickly, as delay 
may disorganise the production schedule entirely. A percentage should be ordered 
over and above requirements to replace scrap. Such items as bar, sheet and 
tubing do not call for special comment, except that the former should be obtained 
wherever possible in the bright condition. There is a negligible difference in 
price, which is more than balanced on tool costs. Tubing should be ordered 


in the actual lengths or multiples thereof required. Sand castings in non-ferrous 
metal (except phosphor bronze) should only be used on a production order as 


a last resort. They are costly owing to the difficulty in obtaining sound 
and non-porous castings, a fact which is not usually discovered until a certain 
amount of machining has been carried out. As an alternative one can use 
«a duralumin stamping, a chill die casting, a pressure die casting, or a hot 
stamping, according to the nature of the job. The initial cost of dies is not 
great when spread over a quantity, machining costs are lower, and_ the part 
is more satistactory. It is, of course, necessary to arrange for material to 


he delivered to a schedule %1 order that machining and fitting operations can 
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be done in batches. Assembly should as far as possible be by units, and planned 
on the assumption that each unit when ready is a complete group. Once the 
fuselage is in skeleton an endeavour should be made to arrange for the interior 
fitments, pipe lines, controls, engine, tanks, etc., to be assembled on a time 
basis. In other words it should be possible to sub-divide the operations to 
such an extent as to allow the structure to progress once every few hours for 
a different assembly. Thus there is one gang of men only at any one time on 


14a. 


the job, and no overlapping. Covering and doping operations do not offer 
any difficulties and the machine should be completed in all details before sending 
for tests. 

Whilst it is not my intention to comment upon or criticise shop practice 
or manufacturing processes as employed in individual cases, I wish to discuss 
briefly some aspects of production methods generally and to this end I propose 
to describe some of the methods employed by my own firm on main details. 
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I would ask you to bear in mind that it is the manufacturing aspect only | 
am discussing and not the design features. 


You are all probably aware that for fuselage construction we use stec! 


and/or duralumin tubing throughout. The arrangement is shown in Fig. 1 
and Fig. 1A and the detail joint in’ Fig. 2. The construction is quite 
simple and self-explanatory. Phe squaring or fattening operation 
both longerons and struts carried out a_ rolling machine. rhe 


Mic. 3 
operation can be by hand or power, and takes a few minutes only. The 
diameter is fairly important, but the length of the flat is immaterial. The flitch 
plates are a pressing, and from a range of six tools plates are available for 
machines between a light aeroplane and a day bomber. The rivets are of steel 
tubing and can be to Specification 1.5 or the lower grades. — Stainless rivets 
are available and spin quite easily. The cupped bolt which takes the cross 
strut is a plain capstan job, and the Wiring plates are pressed. Four tools will 
supply a very wide range of wiring plates, and should cover practically all 
requirements. “The assembly jig for the sides is very simple. For either 


experimental or production a layout board or boards only is required. The strut 
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tubes can be cut off either before or after flattening and jig drilled ready for 
assembly. The final erection is straightlorward, and the whole operation, except 
for truing up, can be carried out by semi-skilled labour. 

The question as to which is the best material, shape and section of the main 
spar is a matter involving design considerations, and is a subject which can give 
rise to much controversy. Personally, | consider that the fundamental basis is 
the purpose for which the machine is required. In some cases duralumin offers 
a satisfactory solution, in others steel. My experience is mainly that of the latter 
material, and the types of spar we are producing are shown in Figs. 3 and 4. 


| 
| 


Pic. 4. 


Phe material is high tensile steel strip, rolled in the hardened and tempered con- 


dition. The booms come from the rollers practically dead straight and fit into 
the assembling jig without difficulty. The jig itself consists of two steel bars 
on to which the booms are clamped together with the connecting web. A travel- 
ling punch pierces the holes, and the rivets are inserted by hand, and headed 
with a travelling riveter. The punch must be kept clean and sharp, otherwise 
there is a tendency for the material to tear or crack. Drilling might be more 
satisfactory, but would be a more complicated operation. The labour employed 


on this assembly ts unskilled and has proved quite suitable. [ am at the moment 
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contemplating experiments with a view to speeding up the assembly operations 


on the automatic principle, but I doubt whether the results would warrant the 
expenditure. 

A certain amount of experimental work was necessary before the rolling 
operation was successful, but once the initial difficulties of roller shapes and 
numbers had been overcome the job was simple. Provided the strip is flat, the 
boom comes from the machine as shown in Fig. 5, and no final operation is 
necessary to close it on to the web. In view of the success attained with this 
method we have not attempted to use softened material and harden and temper 
after rolling. It is probably advantageous to follow out this method when a 
built-up spar of different section is used, and I believe Mr. J. D. North has been 
very successful in this direction. I do not think it necessary, or for that matter 
very practical, to have an automatic rivet feed on the assembling operation, as it 
can be done by hand quite easily. The spar with the flat-sided booms is better 
for rib attachment than the spar with the corrugations, but the latter is slightly 


cheaper and just as simple from the attachment point of view. In production it 
offers the advantage of being ready for use without manipulation on the part of 
the constructor, but its adyaatages over and above a small machine are out- 


stronger. On small machines the drawn tubular spar, as shown in Fig. 6, ts 


weighed by the increase in weight. A duralumin spar of this section is initially 
more expensive than a steel spar, and although of thicker gauge is slightly 
advantageous as regards weight. It is difficult, however, to obtain perfectly 
straight in long lengths. 

The type of rib depends to some extent on the type of spar. We have used 
ribs of duralumin tube, strip, and aluminium sheet. The tubular rib is on the 
whole slightly lighter, but the material is costly. It is impossible to obtain 


tubular rivets in the smaller sizes, and if solid rivets are used, care must be 
exercised during the operation, as the tubing being of thin gauge ts easily 


damaged. The strip rib is cheaper both as regards material and manipulation. 
Phe section can be rolled or drawn without difficulty, and riveting is a simple 
matter. The pressed aluminium rib is attractive, but has a limited application. 
It is slightly heavier, but if the quantity is sufficient to warrant the. cost of a 
pressed tool it is cheaper. I have not experienced any difficulty with « racking 
during the flanging operations, neither has it been necessary to heat-treat in any 


manner. Purely as a personal opinion | prefer the wooden rib, and I see no 
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reason why it should not be used with metal spars. It is cheaper than any other 
type, and the combination should result in a very efficient unit. 

Tinned steel tanks are a straightforward job, and do not as a rule offer any 
difficulties. If the quantity is sufficient, press tools can be utilised for the shell 


and baffles, and the whole can be jig assembled. Aluminium tanks naturally 
require more care and attention. We have used tanks made in this material and 
in duralumin. The former have been either weldcd throughout, or welded at the 
tank ends oniy, the baffles being bolted in with heldite compound as a jointing 
material, This does not sound very satisfactory, but the results have been sur- 
prisingly good. The duralumin tanks have been riveted throughout with the 
same jointing substance, but whilst giving equal satisfaction, were more expensive. 
Fhe jointing material does not afiect the anodic protection. With a_ little 


instruction female labour is quite capable of welding aluminium) successfully, 
and with experience produces a very neat job. 

The question of protection against corrosion has assumed importance of 
recent years. The anodic process as applied to duralumin is now in common 
use and does not call for any special comment. | have not heard of any satis- 
factory process of reclamation, but I understand research is leading towards this 
end. It may be useful to note that we use ftain-water for replenishing the solution. 
] do not know whether our particular brand of rain differs from others, but-on 
analysis it has proved suitable. Tor steel fittings we find the cadmium process 
is better. It is slightly more expensive than the zinc, but the resultant coating 
is more satisfactory, and although I am doubtful of the real value of the oil 
treatment, I believe it does improve the corrosion-resisting property. Whether 
cellulose or stoved enamel is better is a matter for individual consideration. It is 
safe to assume that the protective qualities are equal, and opinion is divided as 
to which finish is more pleasing. The enamel is cheaper in the first cost and 
covers a greater area. Against this must be set the fact that the cellulose does 
not require stoving and cau be handled earlier after application. We use both 
processes and find that the cellulose is more economical, but we cannot use tt 
exclusively owing to insurance considerations. 

The chiomium process is not extensively used in the aircraft industry. It is 
nilar in operation to the cadmium process but is more expensive. It would 
probably be cheaper than cadmium plus cellulose but less efficient. 

The inspection question is one which can be responsible for difficulty and 


Sim 


delay unless organised on a sound basis, because it is a department where either 
or both the man and the system can be at fault. No one will cavil at the necessity 
for a careful and systematic inspection of aircraft, but there is a tendency not 
exactly to magnify the importance of the operation, but to interpret rigidly and 
literally a series of regulations and limits which are in the majority of cases 
unnecessary and too severe—a fact which hampers production and _ initiative. 
Interchangeability is of course the most important feature, and providing this 
requirement is complied with, more discretion should be allowed to the inspector. 

At present it is practically impossible for the detail components to be 
inspected at the same rate as they are produced. I do not suggest elimination 
of all the detail inspection, but a relaxation of rules and a revision of limits— 
some of which are of course imposed by the designer—would be of considerable 
help. We have a system whereby a responsible official discusses the rejects with 
the chief inspector once or twice weekly. If parts offer a chance of salvage they 
are sent to a rectification bench and re-submitted. Quite a number are thus 
rendered useful, and an atmosphere of discretion is created without encouraging 
a careless tendency. 

The question of plant is rather one for individual consideration, as so much 
depends upon the type of production and financial and other factors. It is difficult 
during the present transition stage from wood to metal to decide the most suitable 
type of machine tool in which to invest. A machine which is not working to its 
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capacity is losing money, and whilst the obvious need is a machine which 
useful on every possible occasion, it is difficult to avoid the purchase of plant 


which is useful on experimental work but subordinate on production. Economic- 


ally, a well-balanced plant is essential, but as each concern differs in) many 


fundamental factors it is impossible to make any general recommendation. 
Special purpose machines are usually made to the constructor’s own design 
and cover a variety of purposes. In Fig. 7 is shown a rolling machine on which 


we have carried out a number of operations from the rolling of strip spars to 


slot aerofoils. This machine is an adapiation of a standard type and has been 
quite satisfactory. We are now constructing a machine embodying certain 
improvements as the result of our experiences. The rollers for experimental and 


light production work are of ordinary cast iron and are both cheap and good. 
For extended production we use a special nickel-chrome iron roller cast to shape. 
This is quite machineable, retains a hard surface and is cheaper than steel. 


Oe 7: 

Fig. 8 shows a streamline wire rolling machine which was made to our own 
designs—not with the idea of competitive manufacture, but to meet our own 
requirements. It has proved a good investment and we produce wires which 
come off practically straight. The secret of success lies in the use of rollers 
of suitable diameter and the regulation of pressure and passes. The rollers are 
of chill cast iron ground and lapped. ‘They have been in continuous use for over 
two years without showing signs of wear, and two sets supply all sizes between 


1/4 and 9/16. 


Of the smaller tools such as riveting, welding, bench cutting, filing appliances 


etc., there are a variety available, all of which are good. The question of 
riveting is important, as it is an operation which is increasing. The type of tool 


used depends entirely upon the design and accessibility of the component to be 
riveted. We regard the operation in order of merit from the production side as 
squeeze,’’ hammer or spin,’’ and by unskilled labour wherever possibl 
Phe care of machine tools is a matter of some importance. We allow 1] 
usual time at the close of the week for cleaning, 


e. 
oiling and greasing, and in 
addition the chief millwright makes a periodical inspection for signs of wear. 
The maintenance of efhcient work more than pays for the time spent in this way. 
Such minor points as the selection of 


he most economical cutting and lubricating 
oils, the use of oil separators, ete., have collectively some bearing on production 
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costs, and the removal and sorting of swarf and scrap ends is worth a little 
attention. We find that it pays to clear machines frequently and bin all scrap 
into separate labelled compartments, thus obtaining full value for each metal. 
When purchasing small tools, quality should be the first consideration. There is 
bound to be a certain amount of wastage and breakage, but generally speaking 


aircraft materials call for the use of small tools of corresponding quality. — It 
may be worth while, but not perhaps practicable, to contemplate a scheme 
whereby the best tools are issued to skilled men only. To some extent this is 


ef course automatic, as the jobs calling for such tools are mainly in the hands of 
the skilled man. We have all tool re-grinding and renovations carried out by 
one small department only, as this enables the work to be done correctly and 


Fig. 8. 


expeditiously. It is advantageous to use one brand of high-speed tool steel only, 
as this avoids the necessity for different heat treatments, and it does not matter 
if tools become mixed. 

Stores should be arranged according to the general factory lay-out and 
system, and the issuing clerk should be a person wholely conversant with the 
material he issues. We employ presumably the same approved system as others 
of marking bonded material, and do not experience any difficulties. The use of 
stores’ runners is a good practice, and the men should be encouraged to requisition 
their requirements for one job at the same time. 

I should like to refer briefly to the question of production in emergency. 
This subject has a vital bearing on the question of production problems and is 
one which has been discussed at length by more competent authorities than 
myself. It is common knowledge that the Staff view of aerial warfare is that in 
the first clash of hostilities casualties in machines and personnel will be heavy, 
and the side which can most rapidly re-equip will be the predominant party. 
In other words, the industry must be in a position to assume the role of a third 
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line of defence. Frankly, we cannot accept this to-day, and until we are on a 
basis which ensures continuity of output, and obviates the high peaks and 
depressions which are now prevalent, the position will still be serious. Imagine 
a sudden call under present conditions—a call for, let us say, one hundred varied 
machines within seven days, or even fourteen. The chance of more than a 
30 per cent. response is remote. Let us go further. How soon could we attain 
an increasing output up to two hundred machines per week? Consider the 
material position—and the possible area of hostilittes—and it will be a difficult 
question to answer. We cannot expand immediately, neither can we find sufficient 
men to instruct allied trades which might be of assistance. Even if we did 
manage to produce the machines, the engine question would still remain, and in 
its way seems less capable of solution than the aircraft problem. 

I realise that political and economic factors and a natural hesitancy to under- 
take extensive commitments in face of the rapid advancement of the science of 
aerodynamics and engines must be largely responsible for the Air Ministry 
production programme, and whilst I sympathise with them in their difficulties, 
I rather feel that the subject has not received the consideration which its 
importance merits. 

That much of our energy is directed toward military aircraft is undeniable, 
but we must not lose sight of the fact that military aircraft is essential to our 
Empire, more so than in the case of any other nation, and if the firms 
specialising in and contemplating commercial aircraft are less than those on 
military aircraft; I see no reason for adverse comment. It maintains a balance 
and is sufliciently competitive to encourage progress without deteriorating into 
a price cutting or quality reducing campaign. That we have not been able to 
considerably assist our home production by foreign orders, especially in’ the 
military market, is regrettable but not entirely our own fault. The facts are 
quite plain. Our prices are high in comparison with those of our competitors 
and our markets are limited. It is admitted that for quality, performance and 
reliability we are superior, but it is difficult to make the customer realise that 
these advantages are worth the additional expenditure. It is my experience 
that in dealing with the potential foreign buyer one has to explain among others 
such things as why it is that competitive machines always possess higher 
factors than British machines. This illusion needs a lot of explaining and the 
1.C.N.A. might include in its activities a discussion on standardisation of stressing. 

The factors which influence the price question are well known, and_ that 
markets are limited is entirely due to financial considerations, tariffs, and the 
national viewpoint of the foreigner, who, as in this country, demands that his 
own money be spent on his own industry. Where there is an opportunity we 
can show a good record, and with the increasing world-wide realisation of the 
importance of the aeroplane and the part it will eventually play in our daily 
life I think that the demand will sooner or later enable us to meet in some 
measure the biggest of our problems. 


DISCUSSION 


Mr. J. D. Nortu: There was very great difficulty in dealing with the subject 
of aircraft production, because it involved two entirely different considerations, 
one being the necessity for economical production of the number of machines 
which manufacturers were called upon, or hoped to be called upon, to manu- 
facture in times of peace, and the other the production of machines on the 
enormously greater scale which had been shown to be necessary for the prosecu- 
tion of a first-class war. When a manufacturer sought guidance as to his future 
policy he found these two considerations in conflict. There were great advantages 
in being able to design for very large mass production; it threw open a very 
much wider fieid of engineering resources, and undoubtedly made it possible to 
produce better aeroplanes. On the other hand, to instal plant sufficient to enable 
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enormous production to be achieved, but to be unable to use that plant, was 
very expensive. The works practice of Messrs. Boulton & Paul followed very 
closely that described by Mr. Sigrist. In experimental work there was some 
advantage to be gained by introducing piece work, if one could have a standardised 
form of operation, and Messrs. Boulton & Paul had been able to introduce a 
fair amount of piece work with advantage. With regard to the supply of 
materials, he suggested that it would be advantageous, instead of putting a 
drawing office man in liason with the works, to put a man from the works 
or planning department in liason with the drawing oftice. He would be able to 
keep a check of the discriminate use of materials, and would have the opportunity 
of arranging for the ordering of materials earlier than would be possible if 
he had to wait until the drawings had passed the planning department. Referring 
to Messrs. Boulton & Paul's continuous heat treatment process, he said they 
had applied it to as much as 30 or go tons of steel strip and were certainly 
of opinion that it was economically advantageous. Among other advantages, 
it had enabled them to make a spar consisting of two elements and without any 
rivetting at all. They had adopted the practice of rivetting spars in preference 
to punching, because they had found the former to be the more economical 
operation, but much depended upon the design of the spars. A semi-automatic 
rivetting machine was used, and they had found that it was not worth while 
attempting to use any automatic device for inserting the rivets. He heartily 
endorsed Mr. Sigrist’s remarks with regard to the machining complex; it was 
a relic of the old days when aeroplanes were built in sheds, and it died very 
hard. Surely it ought to be agreed among engineers that there was no cheaper 
class of manufacture than that of machining with first-class machine tools; for 
acroplane work, first-class machine tools were required, and it was false economy 
not to use them. The experience of Messrs. Boulton & Paul with sand castings 
iad not been so painful as that of Mr. Sigrist, probably because they had their 
own foundry. The importance of discrimination in inspection should not be 
lost sight of. 


Major H. N. Wy tie: In discussing the problem of so organising the industry 
that a very large output of machines could be achieved in the event of war, 
he referred to the difficulties experienced during the last war in securing supplies 
of various materials. It had been his duty to ascertain why these materials were 
difficult to obtain, and to endeavour to accelerate their production or to find 
substitutes. When there was a shortage of timber he had had to consider 
the substitution of other materials. The first proposal was to substitute high 
tensile steel tubes, and it was the intention to use them in the construction of 
a large day bomber, but it was found that the total number of high tensile steel 
tubes that could be made available was not more than half the nurnper required 
for that one machine. Duralumin tubes were then considered, but the possibi- 
lities of producing them in sufficient numbers were very little better than in the 
case of high tensile steel tubes. He had then considered the use of 
low tensile steel tubes having a_ tensile strength of perhaps 50 tons 
per sq. inch, and had found that the prospects of production in that case were 
considerably better. Tubes of 50-ton steel might fulfil the schedule for one 
type of machine. The material which had offered most promise, however, was 
steel strip, and steps were taken to manufacture spars from this material. The 
proposal was to use, not high tensile steel, but cold rolled steel strip having a 
strength of about 4o tons per sq. inch. The strip could be made in large 
quantities, and the spars made from this material would not weigh more than 
the rather low-grade wooden spars being largely used at that time. His antici- 
pations were that in the next war—if there be one—we should not have a 
very large output of machines with metal coverings; the covering of the wings 
at any rate would require to be of fabric, because the output of thin duralumin 
sheet for covering wings could not be increased rapidly enough. Supplies of dura- 
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lumin would probably be very restricted, as was the case during the last war ; if the 
construction of an airship were contemplated at that time there was no duralumin 
available for aeroplanes. 

Discussing the difficulty of obtaining small duraiumin tubes which had been 
referred to by the Author, he said that during the war duralumin tubes were 
not made of less than din. diameter and thinner than 20 gauge, and small steel 
tubes were also difficult to obtain. 

Steel tubes were readily enough obtained in small sizes at the present time and 
were readily obtainable before the war. 

The thinnest tubes made by the hot rolling process are about jin. thick 
and the thinner gauges are produced by a process of cold drawing, so that the 
larger sizes are the raw material for the smaller sizes. 

When demand exceeds supply and tubemakers can dispose of the large 
sizes as such, there is a strong temptation to fulfil orders for these, rathe~ 
than to keep them in the works for a week or so longer while they are beit 
slowly reduced in size and thickness. 


IZ 
The result is that small thin tubes are not obtainable in large quantities 
when the general demand is suddenly increased. 

Since large thin tubes and smal] thin tubes would be unobtainable in | 
quantities, it would be necessary to use steel strip in place of these. Ev 
at the present time it was easier to obtain this in the soft state than hardened 
and tempered, and his firm used it in the soft state and heat treated it after 
it had been formed into’ sections. 

Special plant was necessary to heat treat the strip either in the flat or as 
formed sections, and he considered that, in the event of a sudden expansion 
of demand, only the more important parts would be of heat treated strip and 
the remainder would be of strip which was given a strength of about 40 tons 
per square inch by cold rolling. 


Mr. A. KE. L. Cnortron: He would like also to stress the importance of 
being able to increase enormously the productivity of existing works in a time 
of national emergency. The difficulty of obtaining materials during the last 
war had been so great that in the last two vears or so projects had been 
advanced for the constitution of a special alloy steel plant to supply material 
to the aircraft industry. If it were believed seriously that there would be another 
war—he had thought there was not going to be another—it was important 
that something should be done to ensure supplies of the necessary special steel ; 


he did not think supplies could be obtained by ordinary means. The steel 
required would be of still higher quality than that used during the last war, 
so that this project was one worthy of consideration. Apari from the structure 


of the machine itself, the limiting factor in the production of an aireraft as 
a flying machine was the engine, and in connection with the engine itsell 
there were factors of detail which might limit production. For instance, in 
the case of the multi-crank engines used in the last war, the crankshaft was 
the limiting feature. Very large quantities of nickel-chrome crankshafts had 
been ordered from America, and the first deliveries had failed badly owing to 
cracking. The consequences of such happenings at a time of emergency, when 
large numbers of military machines were required, were far-reaching. Emphasis- 
ing the importance of continuity of production, he said that the Air Ministry's 
present methods of ordering aircraft were such that the periods of construction 
covered by the orders were too short to allow of any continuity, and efforts 
had been made to have three-year schedwes arranged, such as those adopted in 
the old Naval days. In those early days it was realised that it was bad policy 
to order things day by day, and a programme was spread over a period. 

Major G. P. Burman: He would like first of all to point out that he was 
no longer connected officially with inspection. He suggested in regard to the 
matter of limits, that the designer himself was best fitted to widen them: it 
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must be common ground that limits should not be based on the closest dimensions 
to which parts could be made under the best conditions, but should provide 
the greatest latitude consistent with the safety and efficiency of the product; 
m aeronautical construction the factor of overall weight must have an influence 
no less than questions of actual strength, bearing area, ete. Having increased 
the limits to the absolute maximum, there must still surely, however, remain 
need for an inspection organisation to ensure that those limits were not exceeded. 

With regard to production, again the designer could exercise considerable 
influence and could do much more, if, in addition to discussing design and lay- 
out in his own works as recommended by the author, he would consult also, 
for instance, the drop forger and the ftoundryman, who must clearly have far 
greater experience in the difliculties of production of forgings and castings than 
the aircraft designer himself. He (Major Bulman) had always found that the 
material suppliers were thoroughly anxious to help but very often were some- 
what diflident about putting forward suggestions uninvited for the reason that 
they recognised their own lack of knowledge in aircraft construction and felt, 
therefore, that their suggestions might not always be welcomed. 

Squadron-Leader He endorsed Mr. Sigrist’s remarks on the 
importance of continuity of production, and agreed that the series of peaks 
and depressions in the production curve reacted very unfavourably, not only upon 
the industry, but upon the service itself, because it enhanced the costs of produc- 
tion, which resulted in a dissatisfied industry and a dissatisfied service. It was 
very difficult, however, under existing conditions, to suggest a remedy, and at 
the present time he could not see how the difficulty could be overcome. 

Mr. S Camm: He pleaded guilty of possessing the ‘* machining complex,’’ 
and said that surely it would be cheaper and better to design parts which could 
be made by simple pressings from sheet metal than to demand drop forgings, 
because these latter could be better applied to the needs of the engine con- 
structors. During the late war it was found necessary to obtain engines for some 
machines from abroad because the engines for which these machines had been 
designed could not be produced in sufficient quantities or within a reasonable 
time. It was possible that a good deal of the delay in engine production may 
have been due to the fact that drop forgings had been applied to much of the 
other parts of the aircraft. 

Mr. FF. HaANpLEY Pace: The paper dealt with a very important phase of 
aircraft work, and one which was very little understood. Aircraft is produced 
and would continue to be produced for two purposes, @.e., as instruments of 
war and for use commercially, and in time the production problem as applied 
to each of these would call for the application of entirely different methods. 
That tendency was already apparent in America, where commercial aircraft were 
being produced in factories quite separate from those producing military aircraft. 
lor example, the Curtiss Company manufactured their military aircraft at Buffalo, 
and had started an entircly different factory at St. Louis for the manufacture of 


ewil machines. The reason was not far to seek. A manufacturer must make 
his commercial aircraft to sell in competition with those made by other manu- 
flacturers, and which gave a certain standard performance. He must design 


them with due regard to cheap production, in the hope that eventually he would 
be able, by salesmanship, to create a mass demand so that he would be able 
to manufacture cheaply by mass production methods. With regard to military 
machines, he had vet to find, on the part of our own Air Ministry or any of 
the governing bodies dealing with these matters in any country, any sort of mass 
demand; he was not referring to a mass demand for the types of aircraft made, 
but a mass demand of requirements. A military aircraft must have its compass 
perhaps half an inch further to one side, its air speed indicator a quarter of 
an inch the other side, the stick used for a single-seater fighter was such that 
it was totally impossible to use it for a two-seater bomber, and so on; therefore, 
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it was necessary to build a whole range of types, which could not be built on a 
mass production basis, and the methods of production of such machines were 
more like day-by-day jobbing than manufacture. To be successful in a war 
which demanded the use of large numbers of machines it is necessary to re- 
cast ideas entirely, for mass production would be essential, but could not be 
attained unless there were unity of ideas and demand so that a simple speci- 
fication could be arrived at. On the other hand, if a few aircraft of super- 
lative quality were required, with which to lay out the Prime Minister, the whole 
of the Cabinet and the whole of the directing forces in an enemy country, then 
mass production was not necessary. For that purpose only a few aircraft were 
needed, the right kind of aircraft at the right time, and that consideration 
led one to think that in connection with military aircraft it might be better not 
to think of mass production as normally understood in regard to commercial air- 
craft, but to continue to produce military aircraft on lines somewhat similar to 
those adopted to-day. In spite of that, however, there were many points raised 
in Mr. Sigrist’s paper to which attention might well be devoted; for instance, 
his very simple and ingenious method of fuselage construction, and methods 
similar to that, must be studied if cheap aircraft were to be made. In addition, 
means must be studied whereby everything could be made by machine rather 
than by human labour. So long as the actual operations were carried out by 
the machines, and human labour was confined mainly to directing the operations, 
relatively high wages could be paid, because the machines themselves would 
be responsible for most of the cost. To do that standard methods of manufacture 
of detail were necessary, and Mr. Sigrist’s idea of having a limited number of 
stampings from which to make a complete machine was an extraordinarily good 
one. If the Air Ministry could be persuaded to issue a sort of ‘* Meccano *’ 
of standard parts, one would know exactly from what parts an aeroplane must 
be built, and the ingenuity of the designer would be exercised in determining 
into what profiles he would be able to build the parts and make a_ standard 
fuselage. Then it might be possible to achieve the ideal of attaining real mass 
production in time of war. The paper provided a good deal of food for thought, 
and offered some solution of the intermediate problems which face us to-day. 

Dr. A. P. THurston: He had always been impressed with Mr. Sigrist’s 
genius for organisation ; the machines produced by him had always been recognised 
as being models of efiiciency and medels from the point of view of effecting 
mass production. Therefore, it was disturbing to hear him say that in the event 
of a sudden emergency it would be impossible for the industry to expand, and 
the matter was one which should receive the attention of the authorities. He 
agreed with Mr. Sigrist that something should be done to secure international 
agreement in regard to the stressing of aircraft. If it were British to be pessi- 
mistic as to our own performances, then truly we had been most British with 
regard to our joad factors. The load factors laid down were the minimum which 
could occur in the event of a considerable number of contingincies which were 
not likely all to occur together, and the result was that our calculated load 
factors were always at least 1, 2 or 3 less than the actual load facto~s 
of the machines. On the other hand, he had calculated the load factors on 
many of the leading foreign machines, and had found that foreign designers 
erred on the side of optimism. Thus, the position was most unfair to British 
manufacturers. Mr. Sigrist had put forward a splendid simplified construction 
of fuselage which would lend itself readily to mass production, and he himself, 
had been extremely impressed by the reasoned detailed account of the processes 
adopted in a highly specialised and extremely efficient: works. 

Captain W. H. Sayers: He expressed the gratitude which the aircraft in- 
dustry undoubtedly owed Mr. Sigrist for his very courageous and frank statement 
as to the position which would arise in the event of a sudden demand. That 
aspect of the question deserved to be stressed much more than it had been, 
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Mr. W. P. Savace: He had been associated with both the manufacture 
and the inspection of aircraft, and if, as suggested by Mr. Sigrist, more dis- 
cretion were given to an inspector the inspection authorities would be faced 


with the difficulty of legislating against the mis-use of that discretion. He 
would prefer to give more discretion to the designer. At present, if a small 


error were made in the shops or a small modification were necessary, and il 
the drawings already bore the approval signature, it is necessary to go through 
the multitudinous requirements of the official modification procedure to get further 
approval of the proposed alteration. That increased costs far more than did 
the difficulties which arose from inspection, or the rigid enforcement of inspection 
rules. He would suggest to the A.I.D. authorities that they should empower 
the designer to alter his design, within reason, without reference to other 
authority. The designer had to take the responsibility for the design, and 
if a hole needed to be moved, say, 3/16in. from the original fixed position, 
surely no one knew better than the designer whether that could or could not 
he done with safety. Discussing the problem of preparing for the next national 
emergency, he suggested that the first thing that would. be done was to revert 
to composite aircraft ; in his view circumstances would dictate that policy. Whilst 
there were obvious advantages in having the main structure of metal, it would 
be an added advantage—and he was pleased to note that Mr. Sigrist agreed 
—to have the secondary structures, such as ribs, fiooring, instrument boards, 
fairings, etc., made of wood. As the result of such a policy our wood shops 
would be kept going, and there would be no scrapping of machine tools which 
would be wanted in the future; further, a nucleus of skilled woodworkers 
could be maintained. There were other advantages in composite aircraft. For 
instance, the problem of maintenance and repair was of very great importance 
at a time of national emergency, for, if the centre of operations were far from 
the source of supply it was a distinct advantage to be able to splice in a piece 
of timber on some part of the aircraft rather than to repair a steel component, 
the material of which was subject to workshop processes which could not 
be carried out at an advanced base. Further, a greatly reduced quantity ol 
spares would be required to be carried. Discussing the factors which influence 
price, Mr. Savage admitted the necessity for the inspection of aircraft, but pointed 
out that our elaborate system of inspection increased costs considerably. Some 
two years ago he had had the opportunity of investigating the costs of manu- 
facture, in a foreign factory, of machines which were identical with those being 
produced in the works with which he was associated. He had found that the 
cost of the foreign-built aircraft was about 65 per cent. of the cost of our 
own—the difference being due largely to the absence, not of inspection, but of 
inspectors, in the foreign factory. The individual workmen in that factory were 
looked upon by the management as inspectors also and were entrusted with the 
responsibility of ensuring that their ‘work was done properly. Materials and 
workmanship were generally inferior to British Standards, but one could not 
say that the aircraft made by the foreign factory were unsatisfactory. Some of 
these aircraft, which were put into service in 1924 and 1925, were still operating 
very satisfactorily under tropical conditions. 

From a durability point of view in reference to composite aircraft, he would 
like to add that a Handley Page W.8.B. aeroplane, in the service of Imperial 
Airways, Limited, had completed a mileage of half a million, representing over 
five thousand flying hours over a period of six and a half vears. Whether an 
all-metal aeroplane can create such a record of service without serious trouble 
from the effects of fatigue has vet to be proved. 

Mr. C. H. Lowe-Wytpe: In connection with aircraft there was far too 
much construction and far too little production. The lay-out of aircraft factories 
varied widely, because many had developed from inadequate premises. The 
different types of machines produced at present required the application of different 


P 

a 
re 
ar 
De 
re . 
le 
n 
rt 
Oo 
’ 

| 


224 F. SIGRIST 


methods, and a different sequence of construction, but it was time aircraft 
manufacture became a less specialised job, so that we could deal with the pro- 
duction side of the problem and endeavour to compete with foreign manufacturers, 
When aircraft manufacturers produced an experimental job there was far too much 
hand work employed, and they would not spend money on manufacturing jigs 
and appliances. If any operation had to be repeated a number of times it was 
wise to spend a few pounds on a jig, because a less skilled operator could then 
be employed on production and the chances of producing scrap were consider- 
ably reduced. As to the suggestion that the tube rib was economical, he held 
that it was costly to assemble, because one must use extraneous clips, ete. The 
pressed rib had advantages, but he suggested that the best combination was a 
pressed nose and a centre built-up portion of sheet material rolled or drawn 
to suitable sections. He asked what experience Mr. Sigrist had had of squeeze 
rivetting ; he had seen it carried out on the Continent, and was convinced that 
it was the only cheap method of reliable rivetting. The suggestion that a man 
from the works or planning department should go to the drawing office to 
establish a liason was a good one, because frequently drawing office staffs had 
inadequate ideas of what their own factories could do efficiently. A man who 
understood the factory thoroughly could be very useful in the drawing office, for 
he could ensure that the drawing office staff were working along the lines best 
suited to the capacity and ability of the factory. Discussing the possibilities 
of meeting the demands of the industry at a time of national emergency, he 
said the position with regard to duralumin was very unsatisfactory, because only 


one concern was manutacturing it this country. the Continent 
there were more concerns producing it, and the Continental manufacturers 
consequently knew more about the material. Here more was’ known 


about steel, and in developing all-metal aircraft the use of steel should be 
developed. With regard to inspection, he said that the maximum error allowable 
in any part must be stated definitely, so that the inspector would have no 
discretionary power, but must either pass or reject a part; then a representative 
of the design department could examine parts rejected by the inspector and 


decide whether they be finally scrapped. He urged that there should not be 
too much insistence upon all-metal construction, because some parts could be 
made better of timber than of metal. For instance, he did not consider that 


a metal rib was so simple, efficient and cheap as a wooden rib, and we ought 
to use timber where it could be used most efliciently. 

Squadron-Leader T. H. ENGLAND : He would like to say something in favour 
of the use of all-metal machines, particularly under tropical conditions. When 
he was serving with the Roval Air Force in the East, shiploads of aeroplanes 
ol composite construction were sent out, and 95 per cent, of them were un- 
serviceable. The American motor car manufacturers probably had had more 
experience than anybody in the world of the operation of motor cars under 
all conditions, and most modern American motor cars contained very little wood 
in their construction. Aeroplanes of the future must be made to last, and he 
believed the problem would be solved by building them of metal. With regard 
to Mr. Sigrist’s statement that, roughly speaking, 45 per cent. of the personnel 
engaged in the construction of aircraft were skilled, 35 per cent. were semi- 
skilled, and 20 per cent. were unskilled, he asked how those percentages com- 
pared with the percentages cbtained to or 12 years ago. He also asked for 
further information as to the behaviour of stove enamel and cellulose respectively, 
when applied to aircraft structure. It was his experience that cellulose flaked 
at high altitudes. 

Mr. M. L. Bramson: He would like to make a strong protest against 
What appeared to’ be a cheerful assumption that another war would occur 
within a period which was likely to be of interest to present-day aircraft con- 
structors., 


pl 
in 
bt 
it 
th 
he 
1 
ai 
{ 


THE PRODUCTION PROBLEM IN AIRCRAFT 225 


REPLY TO DiIscuUSSION 


Mr. Sicrist, replying to the discussion, stated that the suggestion of em- 
ploving as a liaison official a man from the works attached to the drawing ofhce, 
instead of a drawing office man attached to the works, was quite a good one, 
but there was a difficulty in selecting the right man for this task. The job 
itself was not particularly onerous, but providing the official was conversant with 
the procedure in both departments it was not important as to which section he 
belonged. 

He agreed with Mapor Wylie’s remarks with regard to metal coverings. 
There might be scope for their use in civil aircraft, but the structure of military 
aircraft was constantly examined, and it was easier to patch or replace the fabric 
than it was to replace the metal covering. 

On the subject of inspection, he stated that there were certain aspects of 
the question on which it was impossible to lav down hard and fast laws. He had 
an instance recently where a wooden spar was rejected owing to a warp of fin. 
in a 2oft. length simply because the inspector was not allowed sufficient dis- 
cretionary powers. 


He considered that the composite machine had not received sufficient con- 


sideration, The primary structure, i.e., fuselage, spars, compression struts, etc., 
should be of metal, and the secondary structure, such as ribs and fairings, should 
be of wood. The cost of constructing such items in metal, apart from = the 
difficulty of obtaining suitable material was out of all proportion to the benefits 
obtained. He did not consider that difficulty would occur in the tropics with 
carefully designed machines of composite construction. His experience was 


that in the tropics it was not the rib which was affected but the spar itself, the 
proportion of shrinkage being sufficient to loosen the rib and attachments. — It 
a metal spar was used with a wooden rib there would be no possibility of an 
occurrence such this. 

He agreed with Mr. Savage’s remarks that the A.I.D. authorities should 
empower the designer to alter his design within reason without reference to 
any other authority. 

He had not available figures showing the percentages of skilled workers 
employed in aircraft construction ten years ago, but he considered that it was 
less than it was to-day, owing mainly to the fact that there was a considerable 
difference in the class of construction and not sufficient opportunity to introduce 
production methods, whereby unskilled labour could be utilised to a greater 
extent. 

He had no knowledge of the flaking of cellulose coverings at anitude, but 
he considered that if properly applied it should possess the same wearing qualities 
as stoved enamel. 

He agreed with Major Bulman’s suggestion that consultations with the 
drop stamper and the foundry man should be of advantage, and invariably asked 
for criticism when submitting stamping and forging drawings to these concerns. 

On the motion of the President, a hearty vote of thanks was accorded to 
Mr. Sigrist for his paper. 
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STEEL TUBES, TUBE MANIPULATION AND TUBULAR 
STRUCTURES FOR AIRCRAFT 


BY 
W. W. HACKETT 
Lecture before the Manchester Branch, January 1th, 1929. 


Weldless Steel Tubing for Aircraft 


It is now more than ten years since, in conjunction with my_ brother, 
gave a lecture to your Society in London on *‘ Steel Tubes, Tube Manipulation 
and Tubular Structures for Aircraft.’’ Since that time great progress has been 
made both in the production and manipulation of steel tubing. Things which 
were thought ten years ago to be impossible are now being done and it is, there- 
fore, desirable that the paper should be brought up-to-date. 

To commence the manufacture of a seamless steel tube a solid billet of 
steel is taken. The billet should be carefully examined for various faults and 
any laminations or surface defect removed by chipping, or else the outside of 
the billet should be turned all over. 

The first operation is to pierce a hole. One way of doing this is by means 
of a hydraulic press, and another way is by means of a rotary piercing machine. 
In the latter method the billet, first centred with a large shallow hole, is heated 
to about 1,200° Centigrade and fed between rolls having a curved outline, and 
set at an angle which imparts a forward movement to the billet. As it is rotated 
great pressure is used which tends to cause the billet to open along its axis. 
The billet is forced against and over a pointed mandril held on the end of a 
stout rod which butts against a bracket at a distance of about 7 feet from the 
centre of the rolls. In the method in vogue a number of vears ago the billet 
was then taken to a machine which was provided with upper and lower rolls 
having semi-circular grooves of various radii, and by a series of operations 


! 


rolled into a tube of the required size. The tube was passed over mandrils to 
give the required thickness. 

A quicker process used to-day is pilgering. This is largely used for the 
production of many classes of steel tubing, and is a quicker process because a 
heavy reduction can be carried out by the one operation. The pilgerer consists 
of two rolls, part of the periphery in each roll is missing, while the remaining 
working surface in each is a tapered groove. The hot bloom is placed over the 


pilger mill or mandril and is fed into the pilger rolls, which are revolving in 
the opposite direction to that in which the bloom is being fed. The rolls receive 
a portion of the bloom, and whilst the taper reduces that portion of the bloom, 
extending it forwards, it also forces the bloom as a whole backwards until the 
gap appears, when the pierced bloom is automatically fed forward again. This 
operation is repeated until the whole of the bloom has passed through the rolls. 
By means of the feed gear the bloom is turned through 90° at each forward feed 
to prevent the formation of fins. After the tube has completely passed through 
the rolls it is removed from the delivery table and cut to length, or it may be 
further extended by being passed through a series of rolls to reduce the outside 
diameter. This method, while being quick, is also good for the tubing’ as it is 
a forging operation carried out with rolls. The rolls, however, must be carefully 
made if a perfect tube is to be produced. 
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After the hollow bloom has been formed by the different operations just 
shown, the material then goes into the cold drawing mills and the first operation 
is that known as *‘ tagging,’’ which is reducing the ends of the blooms to allow 
them to be held by the grips in the dog. There are two methods in general use 
for forming the tag, one being by rolling and the other by means of a power 
forging hammer. The tube in the drawing operation to follow will be pulled 
through the die and over the mandril by means of the tag which is formed. A 
small hole is put into the tube near the tag in order to allow the proper pickling 
and swilling of the tube. After being tagged the tube is annealed, pickled in a 
bath of acid to eliminate scale, and then well swilled in clean water. Following 
this the tube is dried and then immersed in a solution of soap, or oil, or some 
other suitable lubricant, and it is then ready for the drawing operation. 

There are two methods of cold drawing in general use, one is to draw down 
the outside diameter of the tube upon a long bar of uniform diameter, the tube 
and mandril passing through the die together. The bar is of uniform diameter 
and often precision ground. The tube after this operation is firmly fixed to 
the bar and has to be put through what is termed a reeling machine (which is 
similar to that used in the rotary piercing operation), before the mandril can 
be extracted from the tube. In this method of drawing the tube is put on to a 
bar, which must of necessity be smaller than the bore of the tube to be drawn. 
The tube is gripped on the tag by means of dog jaws sliding on inclined planes. 
The dog is moved along the draw-bench by hooks which are dropped into the 


links of an endless chain. The chains move at a speed of from 12 to 35 feet 
35 
per minute, according to the class of material to be drawn. A chrome nickel 


steel tube or steel of the stainless variety has to be drawn through at the slowest 
possible speed, but the milder steel tubing can be drawn at higher speeds. This 
process of cold drawing permits of a greater reduction of wall thickness at each 
draw than that which can be obtained by the next process I shall describe, which 
is known as “ plug’? drawing, but it is harsher on the material and_ the 
expanding of the tube (already hardened by drawing) to allow the mandril to be 
extracted, sometimes causes splits and fractures, unless the reeling operation is 
very carefully performed. The appearance of the material after the reeling 


operation is often superior to that of a tube which is plug drawn. 


The method known as “ plug drawing *’ is more usually adopted and in 
this case a short hardened mandril is screwed into one end of a long bar. The 
bar is screwed on the other end into a larger piece of steel known as the back 
sleeve, which is screwed and fitted with a nut at either end. The sleeve has an 
endwise movement of about oin. in the back casting of the draw-bench. The 
nut at the back is used for the purpose of adjusting the position of the mandril 
in relation to the die. The tube is threaded over the mandril and the tag is 
passed through the die which rests against the die plate. Immediately the 
tube is gripped by the dog it commences to move, the mandril at the same time 
being pulled forward by the tube drawer by means of a rope or chain. A 
reduction in gauge thickness and diameter with a corresponding increase in 


length is the result. The usual reduction by this method is about a gauge and 
a half per draw on a low carbon steel tube, but considerably less than this on 
the harder grades. The operation of cold drawing hardens the tube to quite a 


large extent and subsequent annealing is necessary. 

From time to time different schemes for cutting out the annealing operations 
have been tried. It has been found that the coating of tubes by lead has 
allowed as many as six draws to be made without any intermediate annealings, 
but the experiments we have carried out on tubing thus treated show that the 
tubing is in a very unreliable condition as a consequence. It is true some of 
the tensiles have been high, but there has been a brittleness about the tubing that 
is not present where annealings are given after each drawing operation. Some 
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people contend that a full normalising will restore the material, but in trying 
material so treated in some of the different manipulating processes we have found 
that this material never behaves so well as the ordinary tubing we supply. 

The aircraft industry is repeatedly calling for lighter gauge tubing than it 
was thought possible to obtain a few years ago. The difliculty, however, in 
drawing these light gauge tubes is with the larger diameters, but we are 
experimenting to see if lighter tubes in the larger diameter can be obtained. 
We have produced tubes .oogin, thick in sizes about 5/8in, diameter and have 
formed these into different sections, but when we have produced tubes of 
3in. x 22 gauge thick we have experienced more trouble because of the ovalisa- 
tion that takes place in the straightening operations. A tube as it comes off 
the draw-bench is never straight and the straightening operation, however care- 
fully it is done, tends to alter the shape of the tube. The same effect occurs if a 
straight tube is bent; there is also, unless a mandril or some filling is inserted 
into the tube, going to be an ovaling of the tube in bending. Knowing as we 
do, however, the call for lighter tubes, we are trying to find a way out of our 
difficulties and hope to be able more satisfactorily to meet the needs of the 
aireraft trade in this respect in the future. 

No doubt most of those present will be conversant with the different Air 
Board specifications for steel tubing. There has recently, however, been more 
attention given to steels that can be safely used for welded structures. In 1g26 
we carried out welding tests on steels having high manganese contents and very 
satisfactory results were obtained. 

Specification D.T.D. 41 was the first specification for welded tubes and the 
carbon content in this case was to be .12 to .18 per cent. The minimum tensile 
strength of the tubes in the blued condition was: 

Yield 28 tons”... ... Break 30 tons. 
And after welding, vield 17 tons... Break 24 tons. 

This class of steel is quite satisfactory in structures subjected to fairly low 
stresses, but a demand is growing for thinner gauge tubes which naturally means 
higher tensile strength, especially after welding. 

To obtain these higher tensile figures a steel was produced having a maximum 
carbon content of .25 per cent. and a maximum manganese content of 1.5 per 


cent. Many experiments were made with this steel and it was found that tubes 
could be produced satisfactorily having, in the blued state, a vield of 35 tons 
and an ultimate of go tons per square inch. After welding, the minimum values 


for yield and ultimate were 25 tons and 35 tons respectively. 


There was a wish, however, to replace the old T.5 specification with one 


suitable for welding. Consequently specification D.T.D. 8q was produced, 
having a chemical composition as indicated above. The yield and ultimate 
figures of blued tubes, however, were raised to those of specification T.5, namely, 
yield 4o and ultimate 45 tons. This, in the writer’s opinion was too high a 


result to obtain from stecl to this analysis without excessive drawing, and one 
was not likely to get the flattening test required in the specification. Further- 
more, it was not possible to produce non-circular sections to this high tensile 
strength. To meet these cases the chemical composition of the steel was raised 
to permit a carbon content of .30 per cent. instead of .25 per cent. and thi 
specification has been put under two headings, D.T.D. 113 (which covers circulat 
tubes under $in. and all non-circular sections and requires specification T.t 
tensile figures, namely, 30 tons yield and 35 tons ultimate), and D.T.D. 8A 
covering all tubes outside D.T.D. 113 and requiring specification T.5 tensile 
figures, namely, go tons vield and 45 tons ultimate). In each case the tensile 
strengths after welding are the same, the yield being 25 tons and the ultimate 
30 tons per square inch. 
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To give the strength specified in the D.T.D. 89 specification a very hard 
draw is necessary to obtain the required result. 

During my different visits to the U.S.A. I have found an increasing use of 
chrome molybdenum tubing in welded structures where extra strength has been 
required, and comparative tests have been carried out to see whether it is as 
good, or better, than the material used in this country. The specification of 
chrome molybdenum steel used is approximately. as follows : 


Chromium _... 1% 


We have made many tensile tests on butt welded joints with this steel and 
the results have shown that the ultimate strength after welding is invariably 
as high as that of the tubing in its original state. Fracture always takes place 
at a point about }in. from the weld and never through the weld. Comparative 
tests between chrome molybdenum steel and D.T.D. 89 steel have been made 
both in tensica and when subjected to alternating stresses and the chrome 
molybdenum steel has given better results than D.T.D. 89 steel. 


FIRST SERIES OF TESTS: 


drawn Blued at 450°C, 
Yield. Rreak, long. 2in. Vield Break. Elong. 2in. 
Chrome molybdenum ... 39 3 42 40 14% 
D., 89 40 14% 37 43 18% 


BUTT WEED TESS. 


Klong. 2in. 
Yield. Break over break 
Chrome molybdenum 41.9 40.9 3/0 Broke in, from weld. 
41.0 45-5 370 ” 
D.7.D: Bo steel ae 25.75 36.8 6% Broke gin. from weld. 
\ 26.0 30.2 BOE, Broke Jin, from weld. 


ALTERNATING STRESS TESTS, 


Stressed to 16 tons per square inch at welds and 1,140 alternations per minute. 


Chrome molybdenum .. (1) Broke at 268,800 alternations. 
(2) x 229,600 
Average... 249,200 
D.T.D. 89 steel... (1) Broke at 117,600 
(2) 108,640 
Average ... 113,120 


Another series of tests made on a different supply of chrome molybdenum 
steel gave the following results :— 
As drawn yield 45 break 48.0 elong. in 2in. 13% 
Welded ... 45:0 4% 
Fatigue test, 16 tons fibre stress. 
Average result, 385,700 alternations. 
Here it might be mentioned that samples of tube in D.T.D. 41 steel, giving 
a yield of 20 tons and an ultimate of 30 tons per square inch after welding, 
collapsed immediately the load was applied, when subjected to the alternating 
stress tests described above. 
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Experiments have been made, and are still being made, with a type of steel 
containing approximately .30 per cent. carbon and .50 per cent, chromium. 
Tensile tests made on butt welds, welded with iron wire, have given the following 


results :— 
(1) (2) 
Elong. 2in. over weld ... 10% 10%, 


In each case the fracture occurred away from the weld. In the ‘** as drawn ”’ 
condition, the steel had a yield of 45.3 tons per square inch and an ultimate of 
49-3 tons per square inch. 

A series of tests are now in progress in which further comparisons are 
being made between these high tensile welding steels. The low chrome steel, 
which has an ultimate tensile strength in the blued condition of 52 tons pet 
square inch, gives the following results when welded :— 


Yield. Break. Elong. in Qin 
(1) 20-75 41.7 7% 
(2) 29.4 40.05 9% 
(3) 41.9 


The fatigue strength of this material appears to be very good but, as vet, 
not enough tests have been made to give comparisons, 

A further example of the advantages in tensile strength which these alloy 
steels, containing percentages of chromium and molybdenum, possess over plain 
carbon steels when subjected to local heating, is illustrated by the results given 
below of various tests made on brazed joints. These tests give comparisons 
of alternating stress tests on tubes made from .35 per cent. carbon steel, 
specification T.1 quality, low chrome steel and chrome molybdenum steel, brazed 
with lugs and subjected to an alternating stress of 16 tons per square inch, at 
a rate of 4oo alternations per minute with a shock of 36 inch pounds each 24 
revolutions. 


-35 per cent. carbon T.1 steel broke at... 15,802 alternations. 
Low chrome steel broke at. ... ... 62,240 
Chrome molybdenum steel broke at ... S22 


A further series of tests made on similar tubes, but stressed to 18 tons 
per square inch at the brazed lugs, gave the following results :— 


-35 per cent. carbon T.1 steel broke at... 7,143 alternations. 
Low chrome steel broke at. ... 19,155 
Chrome molybdenum steel broke at .. .. 88,984 4 


Further Brazed Tests on Chrome Molybdenum ‘‘A’”’ Quality and 
“K”’ Quality Butts 


For these tests 1fin. x 19/22 gauge butted tubes were used in ‘A’ (as 
T.t), ‘“*K?’ (as T.5) and chrome molybdenum steel. The tubes were brazed 
into lugs and were run at a speed of 710 revolutions per minute. 

STRESS AT LUG, 


16 tons per square inch. 


quality broke at... 9,940 revs. 
Chrome molybdenum broke at ... 4, 


Further tests were carried out on similar tubes, but with a lower stress at 
the lug, namely :— 


reel 


im. 
ing 


TUBULAR STRUCTURES FOR AIRCRAFT 231 


SPRESS AT EUG, 


10.6 tons per square inch. 


“A” quality ... Broke at... 100,500 revs. 
(2) 276,900 ,, 
Average result 55 

quality (0) Broke at... 205,900 ,, 
(2) 276,900 ,, 
Average result 241,400 ,, 

Chrome molybdenum... (1) Broke at... 589,300 ,, 


Average result 1,652,525 ,, 


From these figures it will be seen that the lower chrome molybdenum figure 
is five times that of the ** A’? quality and nearly three times that of the “ K”’ 
quality, while the higher chrome molybdenum figure is ten times those of both 
“A? and ‘* K”’ qualities. The average figures show the chrome molybdenum 
to be over eight times as strong as the T.1 quality, and seven times as strong as 
the T.5 quality. 

The big difference in the results obtained from the chrome molybdenum 
tests is obviously due to a variation in the brazing temperature. For increasing 
temperatures over 850°C., the yield point curve of this steel rises rapidly and 
high brazing temperatures, which if used on plain carbon steels, would most 
probably cause failure through overheating, would actually give stronger joints 
in the chrome molybdenum steel. 

Tests have been made on brazed joints in these three qualities of steel, run 
at a lower speed of 4oo revolutions per minute, with a stress at the joint of 
16 tons per square inch. Also a shock test was applied consisting of a ralb. 
blow, with a 3in, fall, falling on the tube under test. 


The results are below :— 


“A” quality 2G Broke at... 16,882 
(2) 14,772 
Average result 15,802 
quality Broke at... 23,476 
(2) 160,992 
Average result 20,234 
Chrome molybdenum (x) Broke ati... 14,734 
(2) 


Average result) 122,434 


Although these tests were carried out under different conditions from those 
described previously, the average results give practically identical proportions, 
namely, the chrome molybdenum eight times the T.1 quality and six times the 
T.5 quality. 
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About three vears ago a series of tests were carried out on welded test 
pieces of chrome molybdenum steel tubing, three being welded with iron wire 
and three with strips cut from chrome molybdenum tubing. The method of 
test was as those before mentioned with a fibre stress of 16 tons per square inch 
at the joints. The speed of running was 400 revolutions per minute, one blow 
being given every 24 revolutions. Those welded with iron wire ran for 64,431, 
49,537 and 56,984 revolutions, and those welded with chrome molybdenum strij 
63,059, 00,872 and 61,920 revolutions before breaking. 

In no case where we have tested out this class of steel tubing against that 
in general use in this country have we had any result that has failed to prove 
its superiority. 


Chrome Nickel Steel Tubes 


There is no doubt that the advent of aeroplanes and airships has given 
rise to a demand for a higher class of Steel tubing than was ever thought ol 
before, and tubing which was looked upon as being quite satisfactory a few 
years ago would not come up to the standard required to-day. 

When chrome nickel steel tubes were first called for they proved very 
troublesome to manufacture, but the difficulties have now been overcome and 
this steel, used as an axle, seems to be giving every satisfaction and, in the 


writer's opinion, is much better for this work than the chrome molybdenum 
axle used in the U.S.A. 


A typical analysis of chrome nickel steel is as follows: 


Sulphur 0:03% 

Phosphorus 0.03% 

Manganese 9.45% 

Such a steel when air hardened has an ultimate tensile stress of about 100 
ions, but a low elastic limit to a maximum value of about 7o tons. Tempering 


tends to raise the vield point and at the same time to slightly reduce the ultimate 
stress. 

A typical analysis of the chrome molybdenum steel, as used in the U.S.A., 
is as follows: 


Manganese ©.480% 


This steel, when normalised after drawing, has a yield of about 4o tons 
per square inch and an ultimate strength of about 49 tons per square inch on an 
average. When quenched in water it has a yield of about 7o tons per square 
inch and an ultimate strength of about go tons per square inch. 

You will, therefore, see that as regards aeroplane axles, the British product 
seems to be superior to that used in the U.S..\. 

During my visit to the Californian coast at the beginning of last vear I found 
that heavy gauge tubes were tapered by turning on the outside. In one factors 
these were being turned from eight gauge at one end to 16 gauge at the other 
end. This is not an ideal method of thinning a tube, as it is impossible to get 
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a tube straight enough for this operation to be performed without a large degree 
of eccentricity occurring. .\ suggestion was, therefore, put forward that we 
should draw these tapered axles for this particular company. This was agreed 
to, and a number of these axles are now being used with a taper drawn on the 
inside of the tube, the tube now being parallel outside and tapered from 8 gauge 
to 16 gauge. This may be of interest to the aeroplane trade in this country as 
it is possible to effect a saving in weight while retaining the strength at the 
vital part of the axle. 

In the paper given in 1918 on aeroplane tubing, it was thought well to 
point out the serious effect of sulphuric or muriatic acid on hardened chrome 


nickel steel tubing. It has the effect of making the tubing exceedingly brittle. 

I mention this again because I was asked to investigate an axle breakage 
at a factory in California. It was not one of our axles, but I was able to deter- 
mine the cause. The tube had been pickled to case the work of the polisher, 


and the ‘* blueing *’ treatment recommended by me brought back a brittle tube 
to its former ductile condition. 

Whilst on the matter of chrome nickel steel tubing it may be of interest to 
know that we have carried out experiments with spars and other section tubes in 
chrome nickel steel to T.2 specification, and have effected the heat treatment 
hy an electrical resistance method which has proved successful. The ordinary 
method of hardening by getting the material hot in a furnace and drawing out 
into the air causes a considerable warping of the tubes and it is extremely difficult 
straighten a tube already hardened. By the electrical resistance method, 
however, the tubes come out much straighter and difficult: sections can now be 
successfully produced giving over go tons tensile strength. 

One of the drawbacks in connection with tubing to T.2 specification is the 
diffeulty of drilling in its hardened condition, but there are parts where the 
high tensile will be an advantage if such parts have net to be machined, or 
where it would be possible to do the machining before the hardening operation 
takes place. 


Section Tubes 


The production of section tubes, such as streamline, oval, square, rect- 


aneular and fluted tubes, has received great attention during recent years, and 


many sections which tube makers would have hesitated to tackle ten years avo 
are now being preduced. 
The tube is always drawn to the necessary size and gauge in the round 


orm and is then shaped by drawing through suitable dies or through rolls. 
Phe drawing of these tubes for the aircraft trade is often rendered more difficult 
having to work to such specifications as T.5, and D.T.D.41. is 

le 


cessary to get such tubes to the required tensile strength in the round and 


then to form them to the desired shape. This can readily be done, so lone as 
too sharp a corner is not expected on the sections. The designer sometimes 
asks for the streamline section to have a sharper trailing edge than is called 
for in the flattening test. In this case there is a chance of the tube fracturin: 
in the forming operation, although drawn to pass the specification to which it 
is made. 

The T.1 specification calis for a test which provides for the tube being 
flattened at the end, or at any point alone the tube, by means of a few blows 
till the sides are three times the thickness of the metal apart. 


I have brought with me sections of tubing which will prove that the forming 


to section is much more severe on the tubing that the test specified. This is 
especially so in the heavier gauges, 

In the T.5 specification the test calls for a flattening, by the same method, 
till the sides are eight times the thickness of the metal apart. Unless, therefore, 
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something were done to retain the tensile and give greater ductility, streamline 
sections to specification T.5 would not be possible. 

lo produce the difficult section tubes to the specifications mentioned, it has 
been found necessary to use a higher class of steel, so that after the yield and 
ultimate required have been obtained there ts sufficient ductility to enable th 
tube to be formed into the required section without fracture. 

In the case of the T.1 specification a point higher carbon is often used, and 
as regards ‘T.5 specification a steel with approximately o.3 per cent, of nickel has 
been found to be admirable for the purpose. 

Therefore, despite all ditficulties, section tubes are repeatedly being made 
of difficult shapes, but giving a yield of 45 tons per square inch and an ultimat: 
strength of 50 tons per square inch, 

We can now produce in nickel steel any section illustrated in our catalogue, 
and in practically every case a minimum of 45 tons vield and 50 tons break can 
be obtained with excellent ductilitv. This is catered for in draft specification 
T.50, which gives alternative steels of D.T.D.g1t and 3 per cent. nickel. 

This steel is the best we can use for high tensiles, ductility, and as a high 
tensile manipulated steel for such items as tappet rods, aireraft spars and highly 
stressed structural work. Demands for this’ type of steel are increasing 
regularly. 

I feel that I cannot conclude this lecture without dealing rather speciall 
with the question of steel tubes for welding. This is an important matter, which 
calls for the earnest consideration of all engaged in the aircraft industry. 

In the U.S.A. a large proportion of the acroplanes have welded joints. 


} 


There may be better methods of building if the plane is to be used for military 


purposes, but when building has to be done in competition for commercial 
purposes, welding does come out cheaper than many of the other methods ol 
yornting. 

If, therefore, the welding ol joints is to be a common practice, it is surels 


night that research should be carried out to determine the best material for 


this work, Tubing with a 17 tons yield is obviously less valuable in aeroplanc 
work than tubing with twice that vield, if the higher grade material can be 
satisfactorily welded. Tests have proved that this can be done. 


Comparisons from a series of tests tend to show the value of different steels 


and the saving in weight which may be accomplished. Three tests carried out 
with rr tons stress on material to D.T.D.40 specification broke after running 
35,105 revs., 16,009 revs. and 20,236 revs., an average of 23,823 revolutions, 
hereas chrome molybdenum stressed to tons per square inch broke at 


64,431 revs. and 49,537 revs., an averave of 50,983 revolutions. You will 


notice that the worst of the tests on the ehrome molybdenum material was 
better than the best of the tests on the D.T.D.41 material. 

Phe average on a further series of tests on chrome molybdenum material 
tested at 18 tons per square inch was 22,383 revolutions. 

If, therefore, aeroplane constructors are interested enough to wish to trs 


out this material for themselves, I will provide them with suflicient pieces ol 
tubeine to enable them to do so. 

During recent vears aviation has made such great—I might even say such 
unexpected—strides forward that one cannot do otherwise than anticipate still 
further progress in the near future, but if this expected progress is to be realised 
the aeroplane constructor and the producer of his working material must move 
iorward side by side. 

As a manufacturer of the tubes which play an important part in modern 
aeroplane construction, I can confidently say that the tube makers are ready 
and willing to do their part in the experimental work which is so vitally neces- 
sary, if the aeroplane designer will oniy let them know what his objective is. 
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Stainless Steel 


During the Jast few years there has been a vast improvement in the manu- 
facture and the manipulation of stainless steel tubes for both commercial and 
aircraft purposes. 

Stainless steels are grouped into two classes, Austenitic and Martensitic. 
The Austenitic, which is mostly used, can be hardened only by cold working. 
Austenitic steels now produced are generally within the following analyses: 

Chromium ta to-.20%, 

To soften this type of steel it is necessary to heat to a much higher tempera- 
ture than is usual with ordinary steels, and, according to the analyses, it has to 
be heated from 1,000°C, to 1,250°C. to fully soften. The best results are 
obtained when steel of this kind is quenched in water from its softening tempera- 
ture, as the scale is then broken and pickling or de-scaling is quicker and easier. 

There are many new stainless steels on the market, but all seem to follow 
the ‘* Staybrite ’’ analyses or the Anka’? type. The Staybrite’’ is approxi- 
mately 8 per cent. nickel and 18 per cent, chromium and is known as 8/18, 
while ‘* Anka’? is approximately 11 per cent. nickel and 15 per cent. chromium 
and 1s known as 12/15. 

Great trouble has been experienced in the piercing and rolling of stainless 
steels, and it is mostly due to this, coupied with the high price of the raw 
material, that stainless tubing is so expensive. Before piercing, ail billets must 
be turned to remove flaws, scale, and other defects, and carefully examined for 
any rolling or steel faults, and during pilgering and rolling extreme care is 
necessary in controlling the working temperature, which has a very critical range. 

Rotary piercing does not seem to be a suitable operation for Austenitic steel, 
and at the present time solid billets have to be drilled or hot punched before the 
pilyering operation, 

One method of making ‘* Staybrite’’ tubing was by a hydraulic press 
operation which produced ‘* cups"? in the form of a short closed tube about 
20in, long, 1fin. outside diameter, and about fin. thick. These ‘* cups’? only 
weighed about 8lbs. each, and consequently it was only possible to make a very 
limited range of small sizes. 

The drawing of stainless steels is very much more expensive than in the 
case of ordinary steels. Special reeler bars and drawing dies are necessary, and 
furnaces suitable for the high temperatures essential. The slowest possible 
drawing speeds are used, and great care and constant supervision are necessary 
in order to produce a good finished tube. 

“The ‘* Staybrite’’’ class of steels, which include Hadfield’s acid resisting, 
Vickers, Swedish 8/18, ete., have a scaling point of about 850°C., good welding 
properties, and are fairly ductile. When fully softened they have a veld point 
of about 17 tons per square inch with an ultimate of about 49 tons per square 
inch. The annealing temperature is between 1,100°C, and 1,200°C, 
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The only specifications covering tubing made from these steels are D.T.D.42 
and D).1T.D.57. The reason no tube specifications have been issued for this steel 
is due to *‘ creep. 


‘Creep’ is due to the limit of proportionality being considerably below 


the nominal vield point. The limit of proportionality of a fully softened ** Stay- 
brite’ test piece giving a yield of 15 tons and ultimate of 50 tons is about 9 tons 
per square inch. This was discovered recently when Staybrite bolts 
elongated at a stress considerably below the yield point. This ‘* creep’ does 


not operate with stainless steel which is hard drawn and when the yield point is 
much closer to the ultimate. With a vield point of 50 tons per square inch and 
an ultimate of about 55, the limit of proportionality is very little less than in 
ordinary plain carbon steel. 

This steel can be welded by the oxy-acetylene method and also electrically. 
The same material must be used as welding wire, to ensure the weld being as 
stainless as the material which is being welded. 


Some steel makers insist that it is essential to fully soften and de-scale after 
welding ; while others say that if the material being welded is fully softened 
before the welding operation, it is only necessary to de-seale. Under the circum- 
stances it is perhaps safer to assume that both annealing and de-scaling are 
necessary, The de-scaling operation is merely a pickling in an acid containing 
about 50 per cent. muriatic acid and 5 per cent. nitric, with a good restrainer. 
Phis pickling or de-sealing quickly removes all seale and foreign matter on the 
surface. With very small tubes and where it is not possible to clean the inside 
by just de-scaling, it is necessary to sandbiast and de-scale afterwards. 


Like all other stainless steels, it is mere resistant to corrosion after polishing, 


but after de-scaling it is almost as resistant. Wherever possible, stainless is 
supplied in the fully softened and de-scalted condition. 


We have drawn tubes from this steel to 1/16in. outside diameter x 28 gauge, 
and have been experimenting with special tools to draw it even further. | The 
largest size produced at present is about 3!in., and between these sizes we can 
produce anything in the round tubing which has previously been produced to an 
ordinary steel specification. 

Phe 12/15 is more suited for general purposes, being softer and more ductile 
and easier to manipulate. In the softened state it has a vield point of about 15 
tons per square inch, and an ultimate of about jo tons per square inch, with a 
limit of proportionality of about g tons per square inch. We have coils of this 
steel tubing here, .ogoin, outside diameter with a .o20in. bore, and giving about 
So tons per square inch tensile. Tubing almost as small as this has been used 
in aircraft: manufacture for small stainless tubular rivets 


Phis steel is very good for flanging, flattening and bending, and can be 
drawn to T.5 (45 tons vield, 50 tons break) specification figures. Considerable 
quantities have been produced for airevaft) work, and orders are steadily 
increasing. At present stainless steel tubing of this quality is released to a sheet 
or bar specification, and B.E.S.A. specification tensile figures. 


Streamline sections have been made, and the only serious difficulties encoun- 
tered have been with those sections having a radius at the tail less than that 
specified in the flattening test as given in Specification T.1 


Pubular rivets, engine bends and exhaust ring svstems have been produced 
in these steels, and there seem to be great possibrities and scope for this type 
: i 

ol steel. 
Our range in this 12/15 steel is up to 31in. 


covering all the sizes 
usually produced in other specifications. 
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Stainless Iron 


This steel has a carbon content of about .1 per cent. and a chromium content 
of between 12 per cent. and 14 per ceni. In the softened state it has a yield 
point of about 16 tons per square inch and an ultimate of about 30 tons per 
square inch. 

When drawn and blued, it has strength equal to T.1 specification. In a 
small range of sizes it can be cold drawn and blued to the equivalent of T.5 
specification, and when heat treated by air-hardening and tempering a tensile 
strength of about 75 tons per square inch can be obtained. 


Three new specifications have recently been issued, D.T.D.97, to2 and 105, 
for this steel having the tensile properties equivalent to T.2t, T.1 and 1.5, 
respectively. The T.5 or D.T.D.105 may be obtained by cold drawing and 
blueing, or by air-hardening and tempering. 

This material is not so stainless or resistant: to corrosion as the ‘* Stay- 
brite ’? or ** Anka *? type of steel, although it is claimed to be quite good enough 
for seaplane work. Any rusting which takes place on this steel when in contact 
with sea-water is only a surface rusting, and stainless iron which has been in 
contact with sea-water for about twelve months loses very little of its strength 


Stainless iron can be welded, although the strength at the weld is very low, 
and, owing to the air-hardening of the weld, it is essential to anneal and pickle 
after the welding operation. To soften this steel it has to be heated to about 
800°C. and cooled slowly. To harden, it has to be heated to about goo°C., 
cooled in the air, and subsequently tempered at about 300°C. We have drawn it 
down to 2in. outside diameter, but we have not been successful with tubing 
smaller than this as the steel deteriorates by ‘ sinking.’’ In the larger sizes 
we have been able to produce all the sizes and gauges at present produced to 
specifications D.T.D.41 and VT.1, and no difficulties should be experienced in 
the new specifications D.T.D.97, 102 and 105. The scaling point of this steel 
is about 800°C. 

Brown-Bayley, of Sheflield, manufacture two steels called ‘* Low-score ”’ 
and ‘* Two-score,’’ the former containing about 1 per cent. nickel and 18 to 20 
per cent. chromium, and the latter about 1.5 per cent. nickel and 18 to 20 per 
cent. chromium. ‘These have been successfully drawn, but we have had no 
demand for this class of steel up to the present, although some people think that 
there is a great future for this material. 

Altogether we have successfully drawn sixteen different types of stainless 
steel and stainless iron. It is obviously impossible to carry stocks of all these 
different steels, as comparatively small quantities are as yet required, but it has 
helped us to form an idea as to which give the best results. 

Although stainless steel is as yet in its infaney it will sooner or later be 
called for in increasing quantities, and these experiments should be of service 
when the advantages of stainless steels are more fully realised. 


Welding Tests on Chrome Molybdenum Tubing lin. x 20G. 

The following tests were carried out a short time after the foregoing paper 
had been read, but as they are of considerable interest in view of the opinions 
expressed by the writer, 1t has been thought desirable to complete the paper by 
including them. 

The tests were made by twelve different welders, each welder doing two 
tests, one with iron wire and one with its own material. 
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Welded with iron wire. 


Yield tons per sq. in. ... 
Break tons per sq. in. 
Elong. in 2in. 

Break from weld 


Yield tons per sq. in. 
Break tons per sq. in. 
Elong. in 2in. 

Break from weld 


Yield tons per sq. in 

Break tons per sq. in. : 40.0 
Elong. in 2in. ... ee 6% 
Break from weld tin. tin. 


8. 
Yield tons per sq. in. ... 34- 4258 34. 35- 33-1 
Break tons per sq. in. : 40.9 af 44.9 40.9 
Elong. in 2in. ... 8% 6% 
Break from weld hin. Weld. tin. tin. 


Twenty-two out of twenty-four tests broke away from the weld, and the 
two which broke through the weld were welded by the same girl, No. 8. The 
first of these, welded with iron wire, had not been welded right through, the two 
pieces being held together chiefly by the filling material. The second, welded 
with own material, showed signs of burning around the weld, but in spite of 
this a tensile force of 4o tons per square inch was necessary to cause a 
fracture. 

The iron wire tests No. 9 and No. 12 are interesting, both breaking outside 
the zone affected by the heat during welding. 

On the whole the tests are very uniform; with those welded with own 
material the yields are a little lower and the breaks slightly higher than in the 
case of those welded with iron wire. The average result welded with own 
material is vield 33.8, break 42.1, and for welding with iron wire, yield 35.1, 
break 41.8. Since the tensile strength of the material before welding was 
yield 35, break 42, these tests give further proof that the chrome molybdenum 
steel is practically as strong after welding as before. 


It might be mentioned the worst results were expected from Nos. 4, 9 and 
11, as these girls had little experience on this class of welding, but the results 
have shown that good welds can be made by welders with comparatively little 
experience. 
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I. 2. 3: 4. 5: 6. 
35-6 35-8 37-4 34-8 35-0 35:5 
42.3 41.5 41.0 43-0 41.3 41.8 
5% 6% 7% 8% 6% 4% 
din. hin. in. in. 
8. 9. 10. II. 
32-1? 33-9 33-6 33-2 35-8 38.25 
41.3 37-5 $2.0 42.2 45.1 42.5 
6% 7% 12% 8% 5% 13% 
| fin. Weld. 3in. Tin. tin. 2tin. 
Welded with own material. 
i. 2. 2. 4- 6. 
30.7 30.6 34.1 34.8 
41.0 43-3 42.0 43.2 
6% 5‘ 6% 7% 
vin. din. 
12. 
35-0 
43-9 
o% 
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